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ABSTRACT 

The purpose of this study was to empirically 
determine the effects of quantified violations of the underlying 
assumptions of parametric statistical tests commonly used in 
educational research, namely the correlation coefficient (r) and the 
t test. The effects of heterogeneity of variance, nonnormality, and 
nonlinear transformations of scales were studied separetely and in 
all combinations. Monte Carlo procedures were followed to generate 
random digits which had the following shapes: normal, positively 
skewed, negatively skewed, and leptokurtic. Interval, ordinal, and 
percentile rank transformations were used for all of the computations 
which were based on 5,000 sets of randomly generated numbers, each 
set containing either 5, 15, or 30 such numbers. A total of 1,332 
combinations of differences in shape of distribution, variance, size 
of sample, and type of scale were studied. The results indicate that 
the distribution or r do not deviate significantly from the* 
theoretical distributions even under the most severe combinations of 
violations. However, there were many significant discrepancies for 
the t test. The results of this study lead to the conclusion that Y ihe 
t test is not as robust as generally thought and that researchers 
should consider all of the basic assumptions before applying this 
test to their data. (Author) 
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Abstract 



The purpose of this study was to empirically determine 
the effects of quantified violations of the underlying assumptions 
of parametric statistical tests commonly used in educational 
research, namely the correlation coefficient (r) and the t^ test. 

The effects of heterogeneity of variance, nonnormality, and non- 
linear transformations of scales were studied separately and in 
all combinations. 

Monte Carlo procedures were followed to generate random 
digits which had the following shapes: normal, positively skewed, 

negatively skewed, and leptokurtic. Interval, ordinal, and percentile 
rank transformations were used for all of the computations which 
were based on 5,000 sets of randomly generated numbers, each 
set containing either 5, 15, or 30 such numbers. A total of 
1,332 combinations of differences in shape of distribution, 
variance, size of sample, and type of scale were studied. 

The results indicate that the distributions of r^ 
do not deviate significantly from the theoretical distributions 
even under the most severe combinations of violations. However, 
there were many significant discrepancies for the t^ test. The 
results of this study lead to the conclusion that the t^ test 
is not as robust as generally thoughtand that researchers should 
consider all of the basic assumptions before applying this test 
to their data. 
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Preface 



I would like to express my indebtedness to 
Mrs. Judith S. Halderson for the many hours she spent 
writing the computer programs, checking computations, 
and insuring that the results were accurate and valid. 

She was primarily responsible for the development of all 
of the computer programs, which she did very efficiently 
and effectively. She also provided valuable help, advice, 
and collaboration on all other aspects of the study. The 
assistance of the University of Kansas Computer Center 
staff is also appreciated. Jim Frane’s assistance in 
developing the computer routines to generate the distribution 
of scores and John Kocourek’s assistance in running the 
analyses merit special mention. 

To researchers in all areas, we hope that this 
study will make a contribution toward better understanding 
of the application of the t^ test and the correlation 
coefficient in situations in which violations of the basic 
assumptions may be suspected. To accomplish this, the 
results are presented in a non-technical, as— they— occurred 
fashion. It is suggested that researchers compare 1 the 
conditions under which these analyses were computed with the 
conditions they are working under and then decide whether 
or not t or r is appropriate for their analyses. 
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Introduction 



In the behavioral sciences, the most commonly used 
statistics are those for measuring the degree of relationship 
between two variables and those for comparing sample means. 

The statistics most frequently used are, respectively, the 
Pearson product moment correlation coefficient and the analysis 
of variance F test or equivalently the t^ test when there are 
only two groups. 

For the mathematical justification of hypothesis testing 
procedures, these tests are based on a number of assumptions 
as enumerated by Guilford (1965), Ferguson (1966), Hays (1963), 
Lindquist (1953), and Siegel (1956). Specifically, the assumptions 
for the correlation coefficient are: (1) the trend of the 

relationship between X and Y be rectilinear, (2) the variables 
must have been measured by at least an interval scale, and 
(3) the bivariate distribution is normal. The assumptions 
necessary for the statistical tests for comparing means are: 

(1) the observations must be independent, (2) the observations 
must be dravm from normally distributed populations, (3) the 
populations must have the same variance (homogeneity of 
variance), and (4) the variables involved must have been 
measured by at least an interval scale. As stated by Siegel 
(1956), Cochran (1947), and Cochran and Cox (1957), a researcher 
can never be sure that all of these assumptions are met and 
often there is good reason to suspect that some are false. Thus, 
as Kirk (1968) points out, parametric tests should be regarded 
as approximate rather than exact when it is known that all of 
the assumptions have not been met. 

If the researcher has reason to suspect that any of the 
necessary assumptions are violated, he has his choice of either 
going ahead with the parametric test, resorting to a less 
powerful distribution-free statistical test, or using a data 
transformation. However, in regard to the second approach, 

Hays (1963) and Boneau (1959) have pointed out that two things 
must be considered when substituting distribution-free techniques 
for parametric procedures: (1) the actual hypothesis tested 

by a given distribution-free test is seldom exactly equivalent 
to the hypothesis tested by the parametric test and (2) 
distribution-free tests have the disadvantage of being relatively 
low-powered as compared to parametric tests. This means that, 
other things being equal, a relatively larger sample size is 
required as compared to the parametric method if Type II errors 
are to be held to a minimum. With regard to transformations, 
Anderson (1961) states that it is possible to get a significant 
F ratio from the original data and not from the transformed 
data, and vice versa. Bradley (1968) states that tranformations 
may reduce the power of the statistical test through the 
homogenizing effect and also may be restricted to the case where 
the null hypothesis is true. Also, as pointed out by Kirk (1968), 
once an appropriate transformation has been made all inferences 
regarding treatment effects must be made with respect to the new 
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scale not the original scores. 

Confronted with the problem of whether or not to use 
a distribution-free statistical test or perhaps an equally 
discouraging one of using a transformation, performing related 
tesis, and then having difficulty in interpreting the results, 
the researcher is often tempted to ignore the assumptions of the 
parametric tests and apply these tests to his data. If the 
researcher decides to use a parametric statistic knowing that 
one or more of the assumptions are violated, what are the 
consequences? If the statistic indicates a significant 
relationship or difference, is this due to real relationships 
or differences or is it due to the violation of assumptions? 

The latter possibility is considered by many researchers 
as sufficient to preclude the u&e of the parametric statistic. 



Purpose of the Study 

The overall purpose of this study was to study the 
effects of combinations of violations on parametric tests. 
Specifically, the purposes were: 

1* To empirically determine the effects on r and 
j; due to violations of the assumptions of 
normality, homogeneity of variance, and measurement 
properties separately and in combination; and 

2. To establish guidelines for determining the resulting 
effect of the violations based on measures of 
those violations. 



R elated Research 

Although the effects of certain violations of assumptions 
on parametric tests have been studied quite extensively, there 
persists a disagreement as to the seriousness of those violations. 
Bradley (1968), Senders (1958), Siegel (1956), and Stevens (1951) 
have asserted that the effect of violating a test's necessary 
assumptions is to render the test inexact, often leading to 
inaccurate and meaningless conclusions. The advocates of strict 
adherence to the basic assumptions underlying the parametric tests 
argue that the meaningfulness of the results of parametric tests 
depend on the validity of all of the assumptions. Anastasi (1961), 
Eisenhart (1947), Senders (1958), Siegel (1956), and Stevens (1951) 
believe that parametric statistics can only be used with interval 
data and contend that analyses would be in error to the extent 
that the successive intervals on the scale are unequal in size. 

They also point out that failure of meeting the assumptions of 
normally distributed scores and homogeneity of variances would 
affect both the significance level of the test and the sensitivity 
of that test. 
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Bradley (1968) , as one of the leading spokesmen for 1 

distribution-free statistical tests, has asserted that "any violation 
of a parametric test's assumptions alters the distribution of the 
test statistic and changes the probabilities of Type I and Type II 
errors" (p. 25). In criticizing advocates of parametric tests 
when there are known violations, he speaks cf the "Myth of 
Robustness" in which he refers to the lack of an agreed-upon 
connotative meaning of robustness. 

The most insidious thing about the Myth of Robustness, 
however, is that the "degree" of a test's robustness 
against violation of a given assumption is strongly 
dependent upon factors which are not involved in the 
statement of a test's assumptions, which are often not 
required in a complete description of the assumption's 
violation, and which are not mentioned in the usual 
allegation of robustness, as quoted above. These , 
factors cause no distortion of Type I or Type II errors 
when all assumptions are met, but greatly influence the 
distortion occurring under a given violation of 
assumptions, i.e., the factors interact with whatever 
violation occurs. (Bradley, 1968, p. 26) 

He goes on to state that many studies of the effects of violations 
of assumptions have investigated analyses in which only one 
assumption was violated and/or where some of the important 
interacting factors were "held constant." He makes a well- 
founded criticism of these studies by stating that they do not 
specify the amount of violation nor do they consider the 
fact that there is a strong tendency for these violations 
to interact with one another. He goes on to point out that for 
a given violation of assumptions, none of the factors relative to 
sample size, shape of the distributions, significance level, 
or relative variances appear to exert its influence upon 
probability levels independently of all other factors. Thus, 
depending upon the particular combination of factors and their 
particular levels or values, a given violation of assumptions 
occurring in a specified degree may have a negligible or 
devastating effect upon the probability levels of the statistic. 

He also points out that many of these studies do not take into 
account "outliers" and what effect these extreme scores have on 
parametric tests. 

Opposing the point of view of those who advocate strict 
adherence to the basic assumptions are a number of statisticians, 
e.g., Lord (1953), Hays (1963), Anderson (1961), Mc.Nemar (1962) 
and Lindquist (1953), who have argued that for the majority of 
studies the effects of violations of the basic assumptions are not 
sufficiently great to invalidate the statistical test. However, 
often there are qualifiers to the statements about the effects of 
assumption violations. For example, Dixon and Massey (1957) state 
that the results of the analysis of variance are changed very little 



by "moderate" violations of the assumptions of normal distribution 
and equal variance. Ferguson (1966) indicates that unless there 
are "extreme" departures from normality, there is no serious effect 
on the analysis of variance F ratio. Hays (1963) contends that 
even when the forms of the population distributions depart 
"considerably" from normal, the inferences made about means are 
valid providing the number of cases In each sample is the same 
and fairly large. In summarizing the results of the Norton 
study, Lindquist (1953) interprets the results of this study to 
mean that 

. . .one need be concerned hardly at all about lack of 
symmetry in the distribution of criterion measures, so 
long as this distribution is homogeneous in both form 
and variance, and sc long as it is neither "markedly' 
peaked nor "markedl.y" flat (p. 86). 

Box (1953) states that there is abundant evidence that the parametric 
tests for comparing means are remarkably insensitive to general 
non-normality of the parent population. He goes on to state that 
by "general" is meant that the departure from normality is the 
same in the different groups. However, if the skewness is in 
different directions, larger effects are often found. As 
Bradley (1968) has indicated, such unquantified, ambiguous 
statements concerning the degree of violation of assumptions 
has led to serious misunderstandings concerning the effects of 
the underlying assumptions and provides no differentiation 
between "ordinary" and "extraordinary" degrees of violation. 

With regard to the types of measurement scale needed for 
parametric tests, a number of statisticians have indicated that 
parametric tests do not require interval data. As Anderson (1961), 
Burke (1953) and Lord (1953) point out, the validity of a parametric 
statistical inference does not depend on the type of measuring 
scale used. These authors believe that statistics computed on 
a measurement scale which is at best a poor fit to reality 
distribute in the same way that they would under conditions 
of perfect measurement. 

Several empirical studies have provided support for the 
above position. Probably the best known study is that of Horton 
(1952). Norton’s technique was to obtain iistributions of F 
ratios by means of a random sampling procedure from distributions 
having the same mean but which violated the assumptions of 
normality and homogeneity of variance in predetermined ways. 

As a measure of the effect of the violations, Horton compared 
the obtained percentage of sample F ratios which exceeded the 
theoretical 5% and 1% values from the F tables for various 
conditions. The discrepancy between the obtained percentages and 
the theoretical percentages was used as the measure of the effects 
of the violations. Six different forms of distributions were 
studied under two different sample sizes and with various combinations 
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of variance. The results may be summarized as follows: 

1. When the samples all came from the same population, 
the shape of the distribution had wry little effect 

on the percentage tff F ratios exceeding the theoretical 
limits. 

2. For sampling from populations having the siame shape 
but different variances, or having the same variance 
but different shapes, there was little effect on 

the empirical percentage exceeding the theoretical 
limits. 

3. For sampling from populations with different shapes 
and heterogeneous variances, a serious discrepancy 
between theoretical and obtained percentages occurred 
in some instances. 

Using a similar procedure, Boneau (1959) compared obtained 
distributions of sample t^ values with the theoretical distribution 
of the ^ statistic. Random samples were drawn from populations 
which were either normal, rectangular, or exponential with roe^ns 
equal to 0 and. variances of 1 or 4. For several combinations 
of forms and variances, t^ tests were computed using combinations 
of sample sizes 5 and 15. Comparing his sample distributiC. af 
5000 Jt values, Boneau concluded that the _t test is "remarkably 
robust" in the technical sense of the word to violations of a 
number of assumptions underlying that test, providing that 
(1) the two sample sizes are equal or nearly so and (2) the assumed 
underlying population distributions are of the same shape or 
nearly so. If these conditions are met, then the percentage 
of times the null hypothesis will be rejected when it is actually 
true will tend to be between 4% and 6% when the alpha level is 
5%. However, if there is a combination of unequal sample size 
and unequal variances, probability d istrlbj-.tions may be quite 
different from the theoretically expected values. 

In another study of the distribution. Baker (1966) 
compared the sampling distribution of j: based on one set of scores 
with the sampling distribution of the same statistic based on scores 
which were not "permissible" transformations of the first set. If 
violations of measurement scale properties have an effect on thu 
Jt distribution, then the sampling distributions computed under 
conditions of "perfect" measurement should differ from the same statistic 
based on "imperfect" measurement. In order to evaluate the consequences 
of non-permissible transformations , 35 non-linear transformations of 
a unit-interval set of scores were constructed. The first 15 
transformations were constructed to simulate the situation in which 
the magnitudes of trait differences represented by .intervals at the 
extremes of a scale may be greater than those represented by equal 
appearing intervals in the middle of the scale, e.g., percentile equivalents. 
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The third set of transformations were such that the first scores ranging 
from 1 to 15 were retained as interval but the remaining scores varied 
randomly, similar to scales sometimes found in social distance measures 
or in the Thurstone type of scaling of attitude items. A total of 36 
t^ values were computed for each pair of samples drawn: one value 

for the unit-interval scale and one for each of the 35 transformations. 
Three types of distribution were studied — normal, rectangular, and 
exponential — and three sample sizes were used — 5 and 5, 15 and 15, and 
5 and 15. The combinations of sample sizes used were identical to 
those used by isoneau (1959). Empirically derived t^ distributions 
based on 4,000 random samples for each condition were found not to 
deviate from the theoretical 5% or 3% levels of significance providing 
that the pair of samples are of equal size and that a two-tailed 
test is used. The authors conclude that probabilities estimated 
from the _t distribution are little affected by the kind of measurement 
scale used. 

Norris (1960) conducted an extensive study on the differential 
effects of nonnormality on the Pearson product-moment correlation 
coefficient. Comparisons were made between the theoretical sampling 
distribution based on Fishers’ z transformation and empirical sampling 
distributions from nonnormal populations as well as comparing the 
latter distributions with distributions of r from his normal 
distributions. The latter comparison would show the effects of 
nonnormality. To indicate the effects of different conditions, the 
comparisons were made separately for various types and degree of 
nonnormality, three different samples sizes (N = 15, 30 and 90) , 
and two markedly different population correlations (r = .0 and .8). 

Five forms of distributions were studied: normal, rectangular, 

leptokurtic, slightly skewed, and markedly skewed. Deviations of 
obtained distributions from the theoretical distributions were 
tested by the use of the Kolmogorov-Smirnov goodness-of-f it test 
(Siegel, 1956). The results of this investigation led Norris to 
conclude that the effect of nonnormality should be taken into account 
when dealing with statistical tests of inference involving the product 
moment correlation coefficient. He suggested that more research was 
needed, especially with regard to other types of nonnormality and 
with populations not having identical marginal frequencies such as 
he studied. 

The four studies summarized above indicate that violations of 
certain assumptions do not drastically alter the distributions of the 
parametric statistic studied. However, there are certain restrictions 
in these studies since they are limited to the specified violations and 
other specific conditions such as sample size, degree of variance, 
and form of distribution. For example, in the Boneau (1959) study, 
the range of variance of scores studied was limited, 1 and 4, and the 
distribution of t^s was based only on 1,000 t/s. The other three 
studies were also based on violations which deviated in specified ways. 
Although the results of these studies can be applied to situations in 
which the violations of assumptions are similar, there are still 
questions concerning situations in which other combinations of violations 
are commonly found in educational research. 4 
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Procedure 



The procedure that was followed in this study was based on 
a Monte Carlo method of generating sequences of random numbers one 
at a time as they are required. As pointed out by Hammersley and 
Handscomb (1965), such pseudorandom sequences of numbers are most 
convenient to calculate when working with an electronic digital 
computer, and such numbers are appropriate for probabilistic 
types of studies. For this study, computer routines were utilized 
to generate numbers which were distributed in four basic shapes; 
normal, positively skewed, negatively skewed, and leptokurtic. 

The final program called for these routines as they were needed. 

The first stage in the overall procedure was to generate 
four basic populations of scores each with M = 10,000. These four 
populations were distributed as noted above and initially each 
population had a mean of 0 and a standard deviation of approximately 
1. Standard score transformations were then used to produce 
populations with means of 50 and standard deviations of A, 8, and 16. 

Four function routines were used to generate the populations 
of numbers. The normal distribution was generated using the function 
RMS (1ST) which was developed at the University of Kansas Computation 
Center. The argument 1ST is a 10-digit odd number originally 
specified by the user and was different for each analysis. The 
positively skewed distribution was generated by the function 
routine PSK(IST). This function generates a <X 2 value from the 
distribution of chi square with mean = 3 and variance = 6, the 
shape of which is positively skewed. The function calls RMS (1ST) 
to obtain the normal variates used to findOt 2 . The value returned 
is standardized to a mean of 0 and a standard deviation of 1. The 
negative skew function, RNSK(IST), is equal to -1 times PSK(IST). 

The leptokurtic distribution was developed by generating a 'X 2 value 
with 1 degree of freedom, which is extremely positively skewed. 

This function routine, RLEP, however, did not generate a distribution 
as peaked as was expected since only 10,000 values were generated. 

The distributions for each tail turned out to be U-shaped rather 
than peaked, although tho measure of kurtosis was larger than for 
normal distributions. 

From these 12 populations (A shapes and 3 different standard 
deviations), three additional transformations were made. The 
first transformation converted each number obtained from the curves 
to its nearest integer value. This resulted in a distribution of 
Integers which ranged from 0 to 100 inclusive. This transformation 
is referred to as the "interval" transformation. 

As these 10,000 numbers were generated for each population, 
a record was made of how many numbers were observed for each of the 
integers 0 to 100. These frequency counts were then used to obtain 
the percentile rank of each of the integers 0 through 100. This yielded 
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a distribution of scores which are equally distributed from a 
percentile rank of near 0 to a percentile rank of near 100, i.e. , 
a percentile rank was computed for each interval number in each 
of the 12 populations of numbers. This transformation is 
referred to as the “percentile* 1 transformation of scores and 
is rectangular in form. For each of these transformations, other 
numbers were generated which retained the rectangular shape of 
the distribution but varied the standard deviations. Since the 
standard deviation of the percentile distributions was approximately 
28.6, each percentile was divided by 3 to obtain an observed standard 
deviation of approximately 8 and by 6 to obtain an observed standard 
deviation of approximately 4. The formulas that were used for 
reducing the standard deviations are X c = 50 + 1/3 (X Q - 50) and 
X c = 50 + 1/6(X Q - 50), where X c is the converted percentile rank 
and X Q is the original percentile rank. 

The third transformation was designed to generate a 
set of numbers such that the difference between two consecutive 
numbers was not uniform. The difference between two consecutive 
numbers follows no set pattern but varies from pair to pair but 
retains the property of ordering. This transformation is 
referred to as an “ordinal 11 transformation and was generated by 
adding or subtracting randomly selected digits to each of the 
integers in the first transformation. To obtain the upper half of 
the distribution, a random number from 1 to 25 was added to 50. Then 
another random number from 1 to 25 was added to that result, and so on 
until there were 50 such numbers greater than the starting number 
of 50. Similarly, random numbers from 1 to 25 were successively 
subtracted from 50 until 50 such numbers were obtained. At this 
stage, the numbers varied from -558 to +658 with the distance between 
numbers varying from 1 to 25 in a random pattern. Although the 
mean of these numbers, based on the original frequencies, was 
approximately 50, the standard deviation was much larger than the 
other transformations, e.g., 182.5. A standard deviation equal 
to the standard deviations of the other distributions of scores 
was obtained by standardizing each of the scores and then converting 
it through standard score transformations to standard deviations of 
16, 8 and 4. 

The procedure followed to this point produced 36 different 
populations of scores based on 4 shapes of distributions, three 
standard deviations, and three types of transformations or scales. 

For each of the combinations of standard deviations and shapes of 
distribution, three sets of numbers were stored on computer tape 
and read into the computer program as needed. These sets of numbers 
were the interval numbers ranging from 0 to 100, and the corresponding 
ordinal and percentile transformations for each of the interval numbers. 
The values describing all of these populations (means, standard 
deviations, and measures of skew and kurtosis) and frequency distributions 
for the populations with standard deviation equal to 16 are listed 
in Appendix A. 
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The three sets of numbers so far generated and stored on 
magnetic tape were used by the main computer program which calculated 
the r f s and t^s. The results of this study are based on 
distributions of r/s and Jt 1 s based on 5,000 "experiments", where 
an "experiment" is defined as the random selection of samples of 
size n for k populations, where n may be 5, 15, or 30, and k 
may vary from 1 through 12. Different random numbers were generated 
for each of the 5,000 sets of samples. Tlius, the results are based 
on sampling from an infinite population, each set completely 
independent of other sets. 

For each "experiment", two sets of random numbers were 
generated by the appropriate subroutine specified for that particular 
"experiment." The shape, variance, and size of the two samples, 
hereafter referred to as Sample A and Sample B, were specified for 
each "experiment", and all sampling distributions of jr and Jt 
were based on 5,000 sets of random numbers. The procedure used 
for all "experiments" followed the sequence listed below. 

The numbers in each sample were generated by the appropriate 
shape subroutine — normal, positively skewed, negatively skewed, or 
leptokurtic. The size of each sample, n, and the standard deviation 
for the scores were specified on the control card. As each number 
was generated, each number was first rounded off to its closest 
integer value. The "ordinal" and "percentile" equivalents to each 
number generated was then obtained by a "look up" procedure which 
searched through the score transformations stored on magnetic 
tape. This table "look up" procedure was done for each interval 
number in both samples until the specified number of scores had 
been found. Thus, for an A sample of size 5, there were thus 
generated 5 interval numbers and the 5 corresponding "ordinal" 
numbers and the 5 corresponding "percentile" numbers. 

After the three sets of numbers for both samples A 
and B were generated, t/s and _r f s were calculated between all 
possible combinations of scores for A and B. Thus, a t^ 
was calculated between A and B samples when the A scale was 
interval and the B scale was also interval, when A was interval 
and B was ordinal, A interval and B percentile, and so on for the 
3x3 = 9 combinations of scales for samples A and B. A frequency 
distribution of the jr’s and t/s was set up for each of the 9 
combinations based upon the sigtiif icance value of the j: or _t . 

The values of r or t for each level of significance from .0005 to 
.9995 for each degree of freedom used in this study were stored in 
the computer at the outset of the main program. The theoretical 
t values were obtained from Owen (1962) , Hald (1952) , and Fedirighi 
71959). The theoretical j: values were obtained from David (1938) 
for probabilities equal to or less than .10 and were computed 
for probabilities of .20, .30, and .40 bv using the following formula: 

«. A P^~. 

'V n - 2 + t* 
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Each computed r or t was then compared to the critical 
value read into the computer, and a tally made for each X or JL e< l ua l 
to or less than the critical value. The resultant cumulative frequencies 
were divided by 5,000 to obtain the proportion of t's and x' s which 
were equal to or greater than the critical value. The obtained 
cumulative proportions were then compared to the theoretical distributions 
of £ and X to determine whether or not there was a significant 
discrepancy. The Kolmorov- Smirnov test was used to determine whether 
or not there was a significant deviation between theoretical and 
empirical cumulative proportions (Siegel, 1956, pp. 47-52). The .05 
level of significance was used for this test and for an N of 5,000, and a 
difference larger than .0192 was significant at that level. 

J.n reporting the results, the cumulative probabilities were 
changed to significance levels. Thus for the left tail, the percentages 
reported are the probability that a t will be equal to or less than that 
critical value, whereas for the right tail, the percentages reported 
correspond to the probability that a t is equal to or greater than the 
critical value. Although the computer provided the obtained cumulative 
proportions of X and X for the following levels of significance 
(.0005, .0010, 70050, .0100, .0250, .0500, .1000, .2000, .3000, .4000, 
.5000), the tables in Appendices B and C list the output only for those 
values between .0010 and .0500. The reason for this is that these 
are the probability levels most commonly used for hypothesis testing 
and listing all values would have made the tables less manageable. 

In addition to computing the x' s anc * _t' s f° r t ^ ie n * ne 
combinations of scales, the program also calculated the mean, standard 
deviation, and measures of skewness and kurtosis for each of the three 
sets of numbers of both the A and B samples. The values for each 
pair of samples were stored so that after the A and B samples had been 
generated 5,000 times, it was possible to compute the mean of all 
the A and B means, the mean of all the A and B standard deviations, 
and the means for the measures of skewness and kurtosis for both 
A and B. The program also calculated the standard deviation of each 
of these descriptive statistics to determine how varied the sets of 
samples were. These descriptive statistics were provided as an index 
of the extent each sample violated certain basic assumptions, namely 
the shape of each distribution. 

The formulas used in this study for the computations of the 
statistics are as follows: 
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where X denotes a raw score. Ex denotes the squared deviation about 
the mean, and m 2 , m 3 , and m^ are, respectively, the second, third 
and fourth moments about the mean. (Ferguson, page 76) 

The formulas for j: and ^t are those commonly found in 
psychological and educational statistics, and are as follows: 



r 



N EXY 

VJnIX 2 



- (IX) (£Y) 

- (EX) 2 ][nIY 2 - (iY) 2 ] 



Ha - M b 




11 






9 



Results 



7 



1 



■ 



The results of this Monte Carlo study are listed in tables 
of the obtained distributions of t/s and jr's which are presented in 
Appendices B and C respectively. In order to compare the results 
for various combinations of violations, all information relevant 
to the particular distributions are presented in the same table. 

For each table, the proportion of obtained ^t's or r's 
exceeding the theoretical values for a one-tailed test at the 
.001, .005, .01, .025, and .05 levels are given for both tails of 
the distribution separately. For two tailed tests at a given 
level, the appropriate proportions can be added together to determine 
the proportion exceeding the theoretical value for a two-tailed 
test. The difference between the obtained and the theoretical 
proportions should reflect the degree to which violations of assumptions 
affect the distributions of jl and r. The theoretical levels of 
significance for each column are presented across the top of the 
table. 



The types of scales being compared are given in the left 
column for each sample being compared or correlated. The types 
of scales used were interval (Int.), ordinal (Ord.), and percentiles 
(Per.)- Although in common practice, at least with computing t 
values, one would not compare means based on different scales, for 
the purposes of this study comparing various types of scales was 
done in order to determine the effect on the distribution for 
combinations of scales as well as if both samples had the same 
scale, e.g.„ an ordinal scale. In practice, there are often situations 
in which a t^ test would be used to compare the means of two groups 
when the type of scale being considered is only ordinal. Thus, 
the orcKnal-ordinal combination would have direct applicability to 
general usage of the t^ test. Likewise, there are situations in 
which the t test might be used to determine whether or not the means 
for two groups are significantly different when percentile ranks are 
used. Thus, the percentile-percentile comparisons would have direct 
applicability. The other combinations of scales may only have 
theoretical value since one would not compare means based on 
different types of scales. 

The type of distribution and the size of each sample for 
A then B, are presented in the title of each table. As discussed 
previously, various combinations of four basic types of distributions 
were used: normal, positively skewed, negatively skewed, and 

leptokurtic. The sample sizes for each "experiment" were 5 and 5, 

5 and 15, 15 and 15, 15 and 30, and 30 and 30. At the bottom of 
each table are presented descriptive statistics for each sample. All 
of these statistics are mean values based on the statistics computed 
for each of the 5,000 "experiments" used to compute the t and r 
distributions. The means of the 5,000 means are presented mainly as 
a check to insure that the means were not deviating from the population 
mean value of 50. The means of the standard deviations are presented 
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both as a check to make sure that the standard deviations were 
approximating the values which were predetermined and to serve 
as a reference for comparing the effect of various sizes of 
variance. It should be noted that since the formula for computing 



the standard deviation for each sample was 



SD 






the 



standard deviations of the samples underestimate the standard 
deviations of the populations. The measures of skewness and 
kurtosis are also presented for quick reference as to the type 
of distributions being compared. 



The Kolmogorov- Smirnov goodness-of-f it test was used to 
determine whether or not the deviations of the obtained distributions 
were significantly different from the theoretical distributions 
(Siegel, 1956). The .05 level of significance was used for all 
comparisons, and the obtained proportions which differed significantly 
from the theoretical distribution are marked with an asterisk (*). 



Since a number of different violations were considered 
in this study separately and in combination, the results will 
be presented in a series of tables in which the various types of 
populations are grouped together with subgroupings of tables 
with variations in variances and types of scales. The combinations 
of variances and types of scales for samples from normal population 
distributions will be considered first, i.e., both Sample A and 
Sample E are from normal populations of scores. Next will be 
considered the results of sampling from populations in which Sample A 
is from a normal distribution and Sample B is from a skewed 
distribution. The third grouping of tables will present the results 
for situations in which both the samples are from non-normal 
distributions but both samples are from the same type of distribution. 

In this grouping will be considered the results of sampling from two 
positively skewed distributions. The next two groupings will 
present the results for sampling from non-normal distributions in 
which the two samples are from two different kinds of populations. 

The fourth grouping will consider sampling from a positively skewed 
distribution for Sample A and from a negatively skewed distribution 
for Sample B. The fifth grouping will present the results for samplings 
from skewed and leptokurtic distributions. 



For each of the five major subgroupings of scales as 
delineated above, two subgroupings of scales will be considered for 
each. The first is for those "experiments" in which the size of the 
sample is the same for both Sample A and Sample B. The second 
is for those "experiments" in which the size of the sample is 
different for each sample. For each of these two subgroupings, 
the following subgroupings will be considered. The first will be for 
those samples in which both the A and B variances are comparable and the 
same types of scales are being considered. The second will be for 
samples with again equal variances but for different types of scale. 

The third and fourth groupings will be for samples in which the variances 
are different for each but for the first group the scales are the 
same for the second group the scales are different. It should be 
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remembered that the percentile rank transformation is a rectangular 
distribution, thus making a combination of variation in both 
shape of distribution and type of scale. 

In outline form, the tables will be discussed in the 
following sequence for each of the six major groupings based on 
basic types of distributions: 

A* Equal sample sizes. 

1. Variances equal, same type of scales. 

2. Variances equal, different types of scales. 

3. Variances unequal, same type of scales. 

4. Variances unequal, different types of scales. 

B. Unequal sample sizes. 

1. Variances equal, same type of scale. 

2. Variances equal, different types of scales. 

3. Variances unequal, same type of scales. 

4. Variances unequal, different types of scales. 
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Distributions of t^ for - Samples from Normal Distributions 

The proportions of t^ values obtained for the sampling 
distributions from samples from normally distributed populations 
are presented in Tables B-l through B-19. The first seven tables 
are for those situations in which the same size of sample is 
used for both A and B. 

For the situation in which there are no differences 
between sample A and B with regard to shape, size, variance, and 
type of scale, the obtained distributions follow very closely to 
the theoretical distribution. The obtained distributions of t^ 
remain fairly close to the theoretical distribution even 
for the situation in which the size and variance of the tvfo samples 
is the same but the type of scale is changed from interval 
to ordinal. This holds for the situation in which both scales are 
changed from interval to ordinal and for the situation in which 
the scale is changed for only one sample, i.e., an ordinal and 
interval combination of scales. 

For the samples in which there is a difference in variance, 
and the same scales are being considered, the obtained distribution 
of jt is also close to the theoretical distribution. This is true 
even for the situation in which n = 5 for both samples and the ratio 
of one variance to the other is 1 to 16, i.e., a population standard 
deviation of 4 for Sample A and 16 for Sample B. However, when 
unequal variances and type of scale are combined, at least for those 
comparisons involving the percentile transformation, there are 
significant discrepancies between obtained and theoretical distributions 
of t_. Generally, there is a larger proportion of t^s than expected 
and the distribution of t^s is slightly skewed with the direction 
of skew in the direction of the sample with the larger variance. This 
is true for the situation in which the population standard deviations 
are 4 and 28. As the differences in standard deviations of the 
populations from which the samples are drawn are reduced, the discrepancy 
between theoretical and obtained distributions of t^ is also reduced. 

For the situation in which the standard deviations are approximately 
the same, the obtained distribution follows the theoretical 
distribution very closely. 

Thus, it seems that when sampling from normal distributions 
and when the samples are the same size, only extreme differences in 
variances have an effect on the obtained distribution of t^. It also 
seems as though the discrepancy is caused by differences in variance 
rather than the type of scale being considered, since the discrepancy 
is not significant when the difference in variances of the two samples 
is reduced and two different types of scales are used for Sample A and 
Sample B. 



Also, it can be noted from Tables B-5 through B-7 that 
with larger sample sizes, e.g., n * 15 or 30, there are no significant 
discrepancies between obtained and theoretical distributions even with 
combinations of differences in variances and types of scales. 
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Tables B-8 through B-19 present the results for the 
samples with unequal n's. Adding the variable of differences in 
sample size drastically affects the observed distributions of 
t when there is a combination of differences in variance and types 
of scale. For the situation in which the variances of the two 
samples are equal and the same type of scale is used, the obtained 
distribution of t is close to the theoretical distribution. This 
is also true for comparisons involving a change in scale, i.e., 
interval to ordinal. As long as the variances remain equal, a change 
of scale from interval to ordinal does not affect the Jt distribution 
even for samples with unequal n's. However, for the percentile 
transformations which also involve a change in shape of aistribution, 
there are significant discrepancies between obtained and theoretical 
distributions even when the variances' are equivalent. As can be 
noted in Tables B-10 and B-13, the comparisons of both interval 
and ordinal scores with percentile scores results in a significantly 
greater proportion of jt 1 s when the larger variance is associated 
with the larger sample size, and the proportion tends to be slightly 
less when the reverse is true. 

The obtained distributions of Jt depart quite drastically 
from the theoretical distributions for the "experiments" in which the 
same types of scales were considered but for which the sizes and 
variances differed. The results are similar for both the interval 
and ordinal scales and for the combinations of these scales. With 
standard deviations of 4 for the smaller sample and 16 for the larger 
sample, the proportion of Jt's obtained is much smaller than expected, 
e.g., as listed in Table B-12, .0042 for a two-tailed test in which 
both scales are interval compared to the theoretical .05 level. When 
the sample with the smaller size has the larger standard deviation, 
the proportion of t/s obtained is much greater than expected, 
e.g., as listed in Table B-17, .1492 for a two-tailed test in which 
both scales are interval compared to the theoretical .05 level. 

At the .01 level, .0586 exceed the nominal value. The results are 
similar for the "experiments" in which the differences in population 
variance is on a ratio of 1 to 4, i.e., a standard deviation of 4 
for one sample and 8 for the other sample. From an examination of these 
tables, it becomes apparent that the combination of differences in 
sample size and differences in variance is associated with significant 
departures of the obtained distribution of jt from the theoretical 
distribution. The same results remain even when the sample sizes are 
increased to 15 and 30, and are similar to the findings of Boneau (19 j 9) 
and Welch (1937). 

For the comparisons in which the percentile transformations 
are involved, the results are similar to those above. However, it 
seems as though the discrepancy between obtained and theoretical Jt 
distributions is more a function of the combination of differences 
in variances and sample sizes than it is in type of scale. Considering 
the situation in which an interval scale is used for Sample A and 
the percentile transformation is used for Sample B, when the sample 
sizes and standard deviations are, respectively, n = 5, SD = 4 and 
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n ■ 15. SD = 28, there are wide discrepancies between theoretical 
and obtained distributions of Jt. As an example, in Table B-8 the 
proportion of ^ f s exceeding the nominal .05 level for a two-tailed 
test is only .0042. In Table B-10, where the standard deviations 
are equivalent, the proportion of jt f s exceeding the nominal 
.05 level is .0346, and in Table B-14 for the same comparison, 

.0402 exceed the nominal .05 level when the standard deviations are 
4 and 4. Thus it seems that the discrepancy is associated more 
with difference in variance than with type of scale and in this case 
chape of distribution. 

Many other combinations of the variables listed in these 
tables could be considered. A lengthier discussion of these tables 
would point out the results of specific combinations of violations. 
However, the examples cited above seem to point out the general 
effects of these combinations of violations* 

It should be pointed out that the results for sampling 
from combinations of normal and leptokurtic populations as well 
as when both populations were leptokurtic are almost identical to 
the results of sampling from normal populations. Thus, the results 
presented in tables B-56 through B-67 and B-130 through B-136 are 
very similar to the results in tables B-l through B-19. Possibly 
this was due to the fact that the shapes of the leptokurtic distributions 
were not as peaked as they might have been, but more likely this 
was due to the fact that for small samples the samples are quite 
platykurtic. The means of 5,000 individual measures of kurtosis 
for samples where n « 5 hovers around -1.0 for both the samples from 
normal and leptokurtic distributions. Even when n is increased to 
15, the mean of the measures of kurtosis is only around +1.0 
for the interval scales and slightly less than that for the ordinal 
scales. Thus, the samples from normal and leptokurtic populations 
are very similar with regard to kurtosis and skewness, and the results 
of this study for sampling from normal populations seem to apply to 
sampling from leptokurtic populations or combinations of normal 
and leptokurtic populations as long as both of the distributions are 
symetrical. As will be pointed out later, the results for combinations 
of leptokurtic and skewed populations are different than for combinations 
of normal populations and skewed populations. 
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Distributions of Jt for Samples from Normal and Skewed Distributions 

The proportions of t^ values computed between samples 
from normally distributed and skewed populations are presented in 
Tables B-20 through B-55. Since the results are identical but 
reversed for the positively skewed as compared to the r^gatively 
skewed populations, the discussion will deal only with the sampling 
distributions of jt for samples from normal and positively skewed 
populations. These results are presented in Tables B-20 t?c^ough B-41. 

For the "experiments 11 in which Sample A is from a normally 
distributed population and Sample B is from a skewed population and 
when the sizes of the samples, variances, and types of scales for the 
two samples are the same, there are sigrificant discrepancies 
between the obtained and theoretical distribution of t^, at least 
when the sample size is 5 for both samples. There is a consistent 
trend for the distribution of t/s to be skewed in the direction of the 
skew in the population from which samples are drawn. This trend 
prevails even when the size of the sample is increased to 15, 
although the discrepancies are not significant with this larger 
sample size. 

This trend continues regardless of the type of scale used 
if the other variables remain constant. In fact, a change of scale 
from interval to ordinal or percentile rank seems to reduce the 
discrepancy between observed and theoretical distributions of t^. 

Possibly this might be due to the fact that the average skew for 
ordinal and percentile rank transformations is not as large as for 
the interval scales. 

The distribution of jt becomes quite skewed for samples 
with unequal variances even when the sample size is 30 for both 
samples. For the situation in which the scales are the same for 
both samples and the differences in the population variances are 
16 and 64, as for example in Tables B-23 and B-24 , the proportion 
of Jt’s exceeding the nominal 5 per cent level on a one-tailed 
test is approximately .11 for the right taiL and stays around .02 
in the left tail. 

Similar results are noted when a change in type of scales 
is added. As with other combinations of scales discussed so far, 
the discrepancies in the J: distributions are similar for both the interval 
and ordinal scales. However, more of the percentile transformations 
are now involved in the significant discrepancies. Possibly this might 
be due to the fact that regardless of scale, when small samples are 
drawn from skewed populations, there are more samples with means less 
than (>r greater than in the case of negatively skewed distributions) 
the population mean even though the mean for all means is equal to the 
population mean. Since the greater proportion of scores in a skewed 
distribution are located in the tail opposite the skew, it seems 
reasonable to assume that most of the scores will be randomly drawn 
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from this area. Thus, the distribution of £ for skewed distributions 
would also be skewed in the same direction as the skew in the population, 
dependent of course on which mean is subtracted from the other in the 
numerator. 



For the situations in which the n's are not equal, there 
are significant discrepancies between obtained and theoretical 
distributions of Jt even when the variances and types of scale are 
the same for both samples. Again, as can be observed in the tables 
beginning with Table B-30, the distribution of Jt is skewed in the direction 
of the skew in the population. This is true and remains consistent 
regardless of the type of scale which is being considered. However, 
the discrepancy is slightly less when one or both of the scales is 
the ordinal transformation. Possibly this is because the ordinal 
transformations are less skewed than the interval scales. The comparisons 
involving the percentile rank transformations result in as many or 
more significant discrepancies than the comparisons involving only 
the interval scales. Possibly this might be due to the slightly 
higher standard deviation of the percentile rank samples than the 
samples using the interval scales. As can be seen in Table B-32, 
when the smaller standard deviation is associated with the smaller 
sample size the proportion of Jt's is less than the exacted 
theoretical proportion and more than expected when the combination 
is reversed. This seems to be happening even when the difference 
in standard deviations is less than one point. Possibly there is 
a compounding of effects of shapes of distribution and different 
variances. However, for the interval-percentile and the ordinal- 
percentile scale combinations the higher proportion of Jt's is in 
the left tail rather than the right tail. This might be an indication 
that differences in variances has more influence on the proportion 
of obtained Jt*s than shape of distribution. 

Larger differences in variances between the two samples 
drastically affects the proportion of obtained Jt*s. Referring to 
Table B-34, the proportion of observed t^s diminishes to almost nothing 
in the tail opposite the kkew for combinations of both smaller sample 
size and the smaller variance. At the nominal .025 level for a one- 
tailed test, only .0004 of the Jt 1 s exceed the Jt value at this level. 

The proportion of t/s exceeding the same level for the right tail is 
onlv .0138. The above is for the situation in which the ratio of 
the variances is 1 to 16 and both scales are interval. When the ratio 
of the variances is reduced to 1 to 4, i.e., standard deviations 
of 4 and 8, the pattern remains almost the same for the left tail but 
the proportion of t^s for the right tail increases and approaches the 
.05 proportion of t^s at the nominal 5 per cent level for a one-tailed 
test. This same pattern holds regardless of the type of scales being 
considered, and is consistent even when the sample sizes are increased 
to 15 and 30. 

When the sample with the smaller variance has the larger 
n, as in Tables B-38 through B-41, there is a confounding effect of the 
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variance-size phenomena and the shape-of— distribtuion phenomenon. 
Here the obtained proportions greatly exceed the theoretical 
proportions in both tails. This is true even for small differences 
in standard deviation, e.g., 4 and 6 as listed in Table B-40 
for the percentile-interval comparisons, and for samples sizes of 
30 and 15 as listed in Table B-41. Thus it seems as though the 
combination of samples from normal and skewed populations tends to 
influence the distribution of t^ when the other variables are equal 
and has a very pronounced effect when the variances and size of 
samples are different for each set of samples. 



Welch, 



O 

ERIC 



B. L. The generalization of student's problem when 
several different population variances are 
involved. Biometrika, 1947, 34 , 28-35. 
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Distributions of _t for Samples from Positively Skewed Distributions 

The distribution of jt values computed between samples coming 
from positively skewed distributions are presented in Tables B-68 
through B— 89 , Tables B-68 through B-77 present the results for the 
comparisons involving the same sample sizes, and Tables B-78 
through B-89 present the results for comparing samples of uneoual 
sizes. 



Under the conditions of equal variances, equal n's, and 
same type of scale, the obtained distribution of t^ is fairly close 
to the theoretical distribution. This is true for all three types 
of scales separately or in combination. Thus, sampling from distributions 
which are skewed in the same direction does not have a significant 
effect on the _t distribution provided the size of the samples and 
their variances do not differ regardless of the type of scale. 

For the same conditions as listed above but with the 
exception that there is a significant difference in the variances 
of the two samples, the distribution of obtained j:'s is significantly 
different than the theoretical distribution. For the "experiments" 
in which both samples sizes are n - 5, the distribution of jt's 
is skewed in the direction of the skew of the population. For all 
three types of scales either separately or in combination, the trend 
is for the proportion of t^s to be greater than expected in the 
right or positive tail, and less than what would be expected in the 
left tail. The trend remains very consistent from samples of n ■ 5 
each to n = 30 each. Thus, increasing the size of the samples 
does not reduce the discrepancy as much as in some previous 
"experiments". There is some variation in the extent of discrepancy 
as the ratios of the standard deviations become closer, For the 
ratio of variances o£ 1 to 16, as in Table B-70, the proportion 
of jt * s which exceed the nominal 5 per cent level on a one— tailed test 
are .0236 and .1422 for, respectively, the left and right tails of 
the £ distribution. When the ratio of variances is 1 to 4 as in 
Table B**71, the proportions for the same comparisons are .0294 and 
.1048. For this same variance ratio, i.e., 1 to 4, increasing the 
size of both samples to 30 changes the proportion of _t's to, respectively, 
.0326 and .0748 as presented in Table B-77. 

It is interesting to note that for most of these comparisons 
the larger variance was for Sample B. Since the numerator of the 
formula used - 5, possibly the larger proportion of j:'s in the 
right tail is due to the fact that most of the B means were less than 
the A means because of the larger variance. However, for the interval- 
ordinal comparisons in which the larger variance is also in Sample B, 
the proportion of jt* s is larger in the left tail. This trend is more 
prevalent when the variances are equal. Possibly there is a confounding 
effect of differences in variances and shapes of distributions. 

For the experiments in which the n's of the two samples differ, 
there is a slight trend for the t/s to be positively skewed when the 
variances of the two samples are equal. This seems to be true for the 
interval and ordinal scales, but for the interval-percentile and ordinal- 
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percentile combinations of scales just the reverse is true. A 
comparison of the distribution of t/s for these combinations of 
scales as presented in Tables B-80 and B-81 shows that there are 
significant discrepancies in the distribution even with very 
slight differences in variance. When the A sample has the interval 
scale and the smaller standard deviation, 3.2 compared to A. 6, 
the proportion of Jt's in the right tail is less than expected. 

When the A sample has the percentile scale and the standard 
deviation of 4, the proportion of t/s is greater than expected. 

This again might be indicative of the greater influence on the 
J: distribution due to differences in variance rather than shape 
of distribution. 

For the combinations of differences in n and variance for 
the two samples, large discrepancies between obtained and theoretical 
distributions of j: are found. As in previous examples, when the 
sample with the smaller n has the smaller variance, the proportion 
of Jt's is significantly less than expected. This is especially 
true for the left tail, or in this case, the tail opposite the 
skew in the population of scores. This tendency is true for all 
scales and for n's of 5 and 15 and 15 and 30. When the 
sample with the smaller variance is larger in size, the proportion of 
t's is larger than expected and the distribution of _t's is 
positively skewed. This is true for both the interval and ordinal 
scales used and for combinations of n's ranging from 15 and 5. to 
30 and 15. These results are similar to the results of sampling, 
from normal and skewed distributions. 
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Table A-l 



POPULATION VALUES FOR DISTRIBUTIONS WITH 
STANDARD DEVIATION OF 16, N = 10,000 



Shape of 
Distribution 


Type of 
Scale 


Mean 


Standard 

Deviation 


Skewness 


/ 

J 

j i 


Interval 


50 . 268 


16.197 


0.010 


} 

Normal 


Ordinal 


50 . 000 


16.000 


0.016 




Percentile 


50.000 


28.862 


0.000 




Interval 


49.704 


15.970 


0.917 


Positive 

Skew 


Ordinal 


50.000 


16.000 


1.039 


' 


Percentile 


50.000 


28.860 


0.001 




Interval 


50.722 


16.151 


-0.971 


Negative 

Skew 


Ordinal 


50.000 


16.000 


-1.090 




Percentile 


50.000 


28.860 


-0.001 




Interval 


50.173 


14.292 


-0.004 


Leptokurtic 


Ordinal 


50.000 


16.000 


0.002 




Percentile 


50.000 


28.834 


-0.001 
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Kurtosis 

-0.173 

0.114 

- 1.200 

0.223 

0.631 

- 1.201 

0.380 

0.803 

- 1.201 

0.773 

1.661 

-1.213 



Distributions ojE t^ for Samples from Positive and Negative 
Skewed Distributions ”™ 



When t's are computed between two samples which are 
skewed in opposite directions, the distributions of such t's 
are usually significantly different from the theoretical 
distribution and are generally skewed. The results for these 
comparisons are presented in Table B-90 through B-115. 

s 

For the "experiments 11 in which the n*s, variances, and 
types of scales used are the same for both samples and the only 
difference is the opposite skew in the population distributions, 
the distributions of t^s are skewed and deviate significantly from 
the theoretical distributions. This is true for all scales, with 
the exception of when both samples use percentile scales. 

However, for those comparisons in which one of die samples uses an 
ordinal or interval scale and the other sample uses a percentile 
scale, the discrepancy is not quite as large and is usually not 
significant. Possibly this is due to the fact that the percentile 
transformations are not as skewed as the other two types of scales. 
Increasing the sample size from 5 and 5 to 15 and 15 reduces the 
extent of the discrepancy but most of the discrepancies are still 
significantly different from the theoretical distribution. There 
is a further reduction when the size of the samples is increased 
to 30, with fewer of the discrepancies significantly different from 
the theoretical distribution. 

When there is a difference in the variance between the 
two samples from oppositely skewed distributions, the discrepancy 
between obtained and theoretical increases but not to the same 
extent than changes in variance affected other t_ distributions. 

Possibly this might indicate that the discrepancy is due more to 
the shape of the distributions and differences in variances do not 
confound the results as much as with other shapes of distributions. 

It should be noted ajjain that the numerator of the t 
formula consistently used A - B. Since the A samples were from 
positively skewed distributions for all comparisons and the B samples 
were from negatively skewed distributions, the obtained t^ distributions 
were positively skewed with most of the t/s in the left tail. 

This is probably due to the fact that the majority of the A means 
were probably lower than the population mean for A, whereas the 
majority of the B means were probably higher than the population mean 
for B. Thus, most of the differences between means were negative thus 
resulting in more negative jt values. In order to determine if this 
was happening, Table B-90 was re-run but with the negatively skewed 
distribution for Sample A. The results were identically opposite 
the results in Table B-90. Thus, the direction of the skew in the 
distribution of t^ is due to the probability of obtaining more means 
from the larger area of skewed distributions and the direction of the 
skew will depend upon which mean is subtracted from the other. 

With unequal size samples but with the variances equal, the 
distributions of t^ follow the same pattern as above, i.e., significant 
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Table A-2 



POPULATION VALUES FOR DISTRIBUTIONS WITH 
STANDARD DEVIATION OF 8, N = 10,000 



Shape of 
Distribution 


Type of 
Scale 


Mean 


Standard 

Deviation 


Skewness 


Kurtosis 




Interval 


50.102 


8.023 


-0.009 


0.039 


Normal 


Ordinal 


50.000 


8.000 


-0.012 


-0.22 A 




Percentile 


50 . 000 


28.8 A 6 


0.000 


-1.999 




Interval 


A 9.851 


7.91 A 


1.589 


3. A 57 


Positive 

Skew 


Ordinal 


50.000 


8.002 


1.573 


3.600 




Percentile 


50.000 


28.825 


0.005 


-1.20 A 




Interval 


A 9.956 


8.053 


-1.565 


3.199 


Negative 

Skew 


Ordinal 


50.000 


8.001 


-1.5 A 5 


3.279 




Percentile 


50.000 


28.827 


-0.005 


-1.204 




Interval 


A 9.969 


8.919 


-0.06 A 


5.067 


Leptokurtic 


Ordinal 


50.000 


8.001 


-0.058 


A . 650 




Percentile 


50.000 


28.797 


-0.001 


-1.219 
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discrepancies from theoretical and skewed to the left. This is 
generally true for all scales. However, for the Jt distributions 
involving percentile scales the discrepancy is usually not as large 
and sometimes is even skewed in the opposite direction. Possibly 
this is again due to the fact that the percentile transformations 
were not as skewed as the interval and ordinal transformations, or, 
possibly the slight difference in standard deviations might be 
causing this effect. That this might be suspected comes from looking 
at Table B-106, comparing the interval-percentile and percentile- 
interval pairing of scales and standard deviations. It seems as 
though the size-of-sample matched to size-of-variance phenomenon 
might be producing this effect here as it has in numerous other 
examples, even though there is less than one point differences 
in the standard deviations. 

When unequal sample size is combined with unequal variances 
the same phenomenon seems to influence the distribution of 
as it has with other shapes of distributions. The t^ distribution 
remains positively skewed with most of the Jl values in the left 
tail. As with other combinations of sizes of variance and sample 
size, Jt distributions based on samples with the combination of small 
size and small variance are significantly less than what would be 
expected. The fact that the t^ distributions are skewed seems to 
indicate that there is a confounding effect of the influence of 
size and variance plus the fact that the samples are drawn from 
skewed distributions. When the ratio of variances is 1 to 4 for, 
respectively, the samples with n = 5 and n « 15, the proportion of 
s exceeding the nominal 5 per cent level in the left tail is about 
.04 but for the right tail is only .007. When the size of the samples 
is reversed, the proportions of t_ f s are, respectively, .1780 
and .0860. This trend is the same even for the samples with 
n = 30 and n = 15. 
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Table A-3 



POPULATION VALUES FOR DISTRIBUTIONS WITH 
STANDARD DEVIATION OF 4, N = 10,000 



Shape of 


Type of 




Standard 






Distribution 


Scale 


Mean 


Deviation 


Skewness 


Kurtosis 




Interval 


50.071 


4.004 


0.015 


-0 . 309 


Normal 


Ordinal 


50.000 


4.004 


-0.040 


-0.606 




Percentile 


50.000 


28.785 


0.000 


-1.196 




Interval 


49.971 


4.021 


1.720 


4.256 


Positive 

Skew 


Ordinal 


50.000 


4.000 


0.995 


0.528 




Percentile 


50.000 


28.702 


0.019 


-1.212 




Interval 


50.034 


4.079 


-1.711 


3.976 


Negative 

Skew 


Ordinal 


50.000 


3.997 


-0.966 


0.176 




Percentile 


50.000 


28.699 


-0.019 


-1.210 




Interval 


50.048 


3.908 


-0.043 


10.646 


Leptokurtic 


Ordinal 


50.000 


4.002 


-0.091 


5.156 




Percentile 


50.000 


28.642 


-0.002 


-1.234 
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Distr i butions of t^ for Sample s from Positively Skewed and 
Leptokurtic Distributions ’ 

The distributions of obtained from comparing samples 
drawn at random from skewed and leptokurtic distributions are 
presented in Tables B-116 through B-129. Again, since the 
effects are just reversed for the negatively skewed compared to 
the positively skewed distributions, only the results comparing 
the positively skewed with the leptokurtic distributions will 
be discussed. These results are presented in Tables B-116 
through B-122. 

For the experiments" in which the sizes of the samples 
and the variances are equal, there is a slight skew in the ohtained 
Jt distribution, with the higher proportion in the tail opposite 
the direction of the skew for the population distribution. However, 
the effect is not very extensive resulting in .0734 and .0270 jt’s 
falling in, respectively, the left and right tails at the .05 
level for a one-tailed test. The result is similar for sample 
sizes of 15 for each sample compared to n = 5 as reported above. 

When the scale used is ordinal for both or either one of the samples, 
the distributions of obtained t/s is closer to the theoretical 
distribution. With equal n*s but with differences in variances 
between the two samples, the obtained distributions of _t are 
very close to the theoretical distribution even when th7 ratio 
of one variance to the other is 1 to 16. This is true for both 
the interval and ordinal scales. However, for the distributions of 
Jt values obtained when there is a combination of differences in variance 
and the two scales being compared are either interval and ordinal 
compared to percentile, there are significant discrepancies between 
obtained and theoretical distributions of t_. For the smaller size 
samples, n = 5, there are significantly greater proportions of 
Jt*s in both tails of the distributions than one would expect. For 
n = 15, the proportion of jt's in both tails tends to be slightly 
but not significantly greater, e.g., .0572 and .0558 at the .05 
level for one-tailed tests. 

For samples with unequal n's, there are not significant 
discrepancies between obtained and theoretical t distributions for 
the interval and ordinal scales when the variances of the two 
samples are equal. For all scales, either separately or in combinations, 
when there are differences between the two samples with regard to 
both sample size and variance, there are significant discrepancies 
between the obtained and the theoretical distributions of t. The 
proportions follow the same pattern as with other shapes of distributions, 
namely that when the sample with the smaller variance also has the 
smaller n, the proportion of ^*s obtained is much less than expected, 
e.g., .0032 for a two-tailed test at the nominal .05 level. For the 
reverse combination of size and variance, the proportion if much 
larger than expected, e.g., .2628 for a two-tailed test at the nominal 
.05 level. 
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NORMAL 


DISTRIBUTION STANDARD 


DEVIATION 


INT 


PER 


ORD 


FREQ 


0 


0.005 


-2.87383 


1.000 


1 


0.015 


-1.57597 


1.000 


2 


0.055 


-0.53768 


7.000 


3 


0.100 


0.06798 


2.000 


4 


0.120 


0.67365 


2.000 


5 


0.140 


1.79847 


2.000 


6 


/ 0.175 


3.61547 


5.000 


7 / 


0.220 


3.96157 


4.000 


8 


0.285 


5.60553 


9.000 


9 j 


0.385 


6.73034 


11.000 


10 


0.515 


8.54735 


15.000 


11 


0.635 


9.15301 


9.000 


12 


0.785 


10.01826 


21.000 


13 


0.955 


11.92179 


13.000 


14 


1.145 


13.04660 


25.000 


15 


1.455 


14.17141 


37.000 


16 


1.780 


15.90189 


28.000 


17 


2.075 


17.19975 


31.000 


18 


2.345 


17.63238 


23.000 


19 


2.705 


18.23804 


49.000 


20 


3.140 


19.18981 


38.000 


21 


3.580 


20.66072 


50.000 


22 


4.135 


21.09334 


61.000 


23 


4.815 


22.65077 


75.000 


24 


5.520 


24.81387 


66.000 


25 


6.230 


25.07345 


76.000 


26 


6.985 


25.59259 


75.000 


27 


7.755 


27.32307 


79.000 


28 


8.625 


27.66917 


95.000 


29 


9.620 


29.48618 


104.000 


30 


10.650 


30.52447 


102.000 


31 


11.810 


31.73580 


130.000 


32 


13.095 


32.25495 


127.000 


33 


14.435 


33.55281 


141.000 


34 


15.815 


34.85067 


135.000 


35 


17.310 


35.54286 


164.000 


36 


19.035 


36.75420 


181.000 


37 


20.900 


38.22511 


192.000 


38 


22.720 


39.00383 


172.000 


39 


24.570 


41. 16693 


198.000 


40 


26.515 


41.59955 


191.000 


41 


28.575 


41.77260 


221.000 


42 


30.720 


42.37827 


208.000 


43 


32.920 


42.46479 


232.000 


44 


35.110 


42.63784 


206.000 


45 


37.300 


43.24351 


232.000 


46 


39.635 


44.10875 


235.000 


47 


42.145 


44.88746 


267.000 


48 


44.760 


46.96404 


256.000 


49 


47.155 


48.86757 


223.000 
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Distributions of jr for all Populations 

For all of the "experiments* 1 involving an equal number of 
scores for each sample and standard deviations of 4 and 16, 
correlation coefficients were computed between the two samples 
of scores. A total of 324 distributions of r’s were computed, 

108 of which are presented in Appendix C. Since the r was not 
influenced to the extent that jt was, it was rleemed not necessary 
to present all of the tables but Vo present those tables for the 
comparisons involving situations in which no violations were 
made to exist to situations in which extreme violations of the 
assumptions existed. 

The results of comparing the obtained distributions of 
r to the theoretical distributions indicated that there were minor 
discrepancies under all conditions studied. The distributions of 
r for situations in which no violations in shape of distribution 
are known are presented in Table C-l. Under these conditions 
the obtained distributions are very close to the theoretical 
distributions even when interval or ordinal scales are matched 
with percentile ranks and the standard deviations are, respectively, 
4 and 24. The results for other normal distributions presented 
in the next three tables, C— 2 through C-4, also indicate that 
regardless of ratios of variances or types of scales, the 
obtained distributions are close to their respective theoretical 
distributions. 



When the samples are drawn from normally distributed 
and positively skewed distributions, the distributions of it are 
still very close to the theoretical distributions. The results 
of these computations are presented in Tables 05 through 08. 

Regardless of type of scale or ratio of variances, even for 
n = 5 the distributions of £ are very close to their respective 
theoretical distributions. 

For the "experiments" in which one sample was drawn from 
a positively skewed population of scores and the other was drawn 
from a negatively skewed distribution, there is a slight skew in the 
obtained distributions of _r, but there is only one instance where 
the proportion of r_'s is significantly different from theoretical. 

This is in Table C-ll, and is the only significant discrepancy for 

all 324 distributions of jr’s computed in the study. As indicated 

above, for all distributions of r computed between oppositely 

skewed distributions of scores, there was a tendency for the distributions 

of r_ to also be skewed, and this tendency seems to be more pronounced 

for n = 15 than for n ■ 5. Possibly this might be due to the fact 

that the larger sized samples were more skewed than the smaller samples. 

The average measure of skew for n = 5 was around + or — .4 whereas 

for n = 15 the average skew was around + or - 1.0. For sample 

size n = 5, the discrepancy between observed and theoretical proportions 

is generally within + or - .01 of the nominal .05 level but is much 
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0 



50 


49.455 


49.73281 


237.000 


51 


51.815 


50.59805 


235.000 


5 ? 


54.305 


52.50158 


263.000 


53 


56.895 


54.57816 


255.000 


54 


59.390 


55.35688 


244.000 


55 


61.825 


56.22212 


243.000 


56 


64.055 


56.82779 


203.000 


57 


66.170 


57.00084 


220.000 


58 


68.295 


57.08736 


205.000 


59 


70.360 


57.69303 


208.000 


60 


72.440 


57.86608 


208.000 


61 


74.440 


58.29870 


192.000 


62 


76.240 


60.46180 


168.000 


63 


77.925 


61.24052 


169.000 


64 


79.670 


62.71143 


180.000 


65 


81.355 


63.92276 


157.000 


66 


82.950 


64.61496 


162.000 


67 


84.475 


65.91282 


143.000 


68 


85.795 


67.21068 


121.000 


69 


87.050 


67.72983 


130.000 


70 


88,405 


68.94116 


141.000 


71 


89.760 


69.97945 


130.000 


72 


90.860 


71.79646 


90.000 


73 


91.795 


72.14255 


97.000 


74 


92.685 


73.87304 


81.000 


75 


93.525 


74.39218 


87.000 


76 


94.305 


74.65175 


69.000 


77 


95.000 


76.81485 


70.000 


78 


95.660 


78.37229 


62.000 


79 


96.240 


78.80491 


54.000 


80 


96.715 


80.27582 


41.000 


81 


97.150 


81.22758 


46.000 


82 


97.545 


81.83325 


33.000 


83 


97.870 


82.26587 


32.000 


84 


98.175 


83.56373 


29.000 


85 


98.430 


85.29422 


22.000 


86 


98.655 


86.41903 


23.000 


87 


98.855 


87.54384 


17.000 


88 


99.005 


89.44737 


13.000 


89 


99.170 


90.31261 


20.000 


90 


99.345 


90.91828 


15.000 


91 


99.455 


92.73529 


7.000 


92 


99.540 


93.86010 


10.000 


93 


99.640 


95.50406 


10.000 


94 


99.715 


95.85015 


5.000 


95 


99.785 


97.66716 


9.000 


96 


99.845 


98.79197 


3.000 


97 


99.870 


99.39764 


2.000 


98 


99.895 


100.00331 


3.000 


99 


99.950 


101.04160 


8.000 


100 


99.995 


102.33946 


1.000 
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closer for higher levels of probability* This is true for all 
combinations of scales and ratios of variance. The proportions 
or r in Tables C-9 through C-12 represent the distributions 
if jr which were computed under more violations of the basic 
assumptions than the situations in other computations. Even 
though the discrepancy between obtained and theoretical 
distributions of jr was largest for these computations, 
the fit is very good. Thus, it could be concluded that even 
under extreme violations of the basic assumptions underlying 
r there is little effect on the obtained distributions of 



POSITIVE SKEW STANDARD DEVIATION =16 N 
INT PER ORD FREQ 



0 


0. 


-3.37754 


0. 


1 


0. 


-2.06052 


0. 


2 


0. 


-1 .00691 


0. 


3 


0. 


-0.39230 


0. 


4 


0. 


0.22231 


0. 


5 


0. 


1.36372 


0. 


6 


0. 


3.20754 


0. 


7 


0. 


3.55875 


0. 


8 


0. 


5.22697 


0. 


9 


0. 


6.36838 


0. 


10 


0. 


8.21221 


0. 


11 


0. 


8.82681 


0. 


12 


0. 


9.70482 


0. 


13 


0. 


11.63645 


0. 


14 


0. 


12.77786 


0. 


15 


0. 


13.91928 


0. 


16 


0. 


15.67530 


0. 


17 


0. 


16.99231 


0. 


18 


0. 


17.43132 


0. 


19 


0. 


18.04593 


0. 


20 


0. 


19.01174 


0. 


21 


0. 


20.50436 


0. 


22 


0. 


20.94336 


0. 


23 


0. 


22.52378 


0. 


24 


0. 


24.71881 


0. 


25 


0. 


24.98221 


0. 


26 


0. 


25.50902 


0. 


27 


0. 


27.26504 


0. 


28 


0.630 


27.61625 


126.000 


29 


2.170 


29.46007 


182.000 


30 


4.295 


30.51368 


243.000 


31 


6.615 


31.74290 


221.000 


32 


9.200 


32.26970 


296.000 


33 


12.250 


33.58672 


314.000 


34 


15.330 


34.90374 


302.000 


35 


18.325 


35.60614 


297.000 


36 


2 1 .465 


36.83536 


331.000 


37 


24.600 


38.32798 


296.000 


38 


27.665 


39.11819 


317.000 


39 


30.725 


41.31322 


295.000 


40 


33.730 


41.75222 


306.000 


41 


36.645 


41.92782 


277.000 


42 


39.340 


42.54243 


262.000 


43 


42.015 


42.63023 


273.000 


44 


44.735 


42.80583 


271.000 


45 


47.360 


43.42044 


254.000 


46 


49.875 


44.29845 


249.000 


47 


52.285 


45.08866 


233.000 


48 


54.725 


47.19589 


255.000 


49 


57.100 


49.12751 


220.000 




A- 6 



f . 

c 



= 10*000 



Summary and Conclusions 




In order to assess the effects of violations of the basic 
assumptions underlying r and t, a total of 1,332 distributions of 
t and 324 distributions of r were obtained by computing these 
statistics between samples which were known to violate the basic 
assumptions in various degrees. Various combinations of differences 
in shape of distribution, variance, size of sample, and type 
of scale were studied. The general paradigm which was followed in 
this study was, given a true null hypothesis, the proportion of either 
the r's or the t's exceeding the nominal levels of significance 
should reflect the influence of the violation or combination of 
violations. Thus, the proportion of obtained r s or _t s exceeding 
the values of these statistics for a given significance level when 
the null hypothesis is true and all assumptions are met should 
indicate whether or not a particular violation had an influence 
on the obtained distributions and to what extent. 

The results of this studv indicate that the Pearson product 
moment correlation coefficient is insensitive to rather extreme 
violations of the basic assumptions. Failure to meet the basic 
assumptions separately or in various combinations had little effect 
on the obtained distributions of r. For all of the 324 distributions, 
each of which was based on 5,000 r's, there was only one proportion 
of r's which deviated significantly from the nominal expected 
proportion. This was at the .05 level for a one tailed test 
involving correlation coefficients computed between samples one 
of which came from a positively skewed distribution and the other 
from a negatively skewed distribution. Thus it is concluded 
that the effect of the basic assumptions underlying r is 
negligible. 

The results of this study are similar to the results 
of the studv by Norris and Hjelm (1960) . These authors found 
that when the population correlation was near zero, the shape of 
the sampling distributions of r did not vary markedly as a 
function of nonnormality in the distributions of scores. Also, 
when sampling from skewed distributions, the sampling distributions 
of r was also slightly skewed causing one tail of the distribution of 
r to have a higher proportion of r's than expected and the other 
tail a smaller proportion of r's than expected. However, this author 
does not feel that the discrepancy between observed and theoretical 
proportions is great enough to cause the researcher to not use r 
when violations of the basic assumptions are known to exist. 

Possibly, as pointed out by Lindquist (1953, p. 81), one should 
make allowances for these discrepancies in the interpretation o 
the results of one's studv. For example, referring to the results 
presented in Table C-12, when the nominal risk of a Type I error 
is .01 for a one-tailed test that r is negative, the true risk may 
be as large as .02'. For the test that r is positive, the true risk 
may be only as large as .005. 
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50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 



59.175 
61.260 
63.340 
65.320 

67.175 
68.935 
70.800 
72.460 
73.925 
75.315 
76.580 
77.865 
79.145 

80.445 
81.640 
82.725 
83.715 

84.655 

85.655 
86.590 

87.445 
88.210 
88.860 
89.510 
90.260 
90.965 
91.540 
92.045 
92.600 
93.205 
93.775 
94.325 
94.780 
95.175 
95.660 
96.140 
96.560 

96.935 
97.265 
97.570 
97.825 
98.080 
98.350 
98.615 
98.855 
99.095 
99.325 
99.480 
99.640 
99.805 

99.935 



50.00552 

50.88353 

52.81516 

54.92238 

55.71259 

56.59060 

57.20521 

57.38081 

57.46862 

58.08322 

58.25882 

58.69783 

60.89286 

61.68307 

63.17569 

64.40490 

65.10731 

66.42433 

67.74134 

68.26815 

69.49736 

70.55098 

72.39480 

72.74600 

74.50203 

75.02883 

75.29224 

77.48726 

79.06768 

79.50669 

80.99931 

81.96512 

82.57973 

83.01873 

84.33575 

86.09177 

87.23318 

88.37460 

90.30622 

91.18423 

91.79884 

93.64266 

94.78408 

96.45230 

96.80350 

98.64733 

99.78874 

100.40335 

101.01795 

102.07157 

103.38858 



195.000 

222.000 

194.000 

202.000 

169.000 

183.000 

190.000 

142.000 

151.000 

127.000 

126.000 

131.000 

125.000 

135.000 

104.000 

113.000 

85.000 

103.000 

97.000 

90.000 

81.000 

72.000 

58.000 

72.000 

78.000 

63.000 

52.000 

49.000 

62.000 

59.000 

55.000 

55.000 

36.000 

43.000 

54.000 

42.000 

42.000 

33.000 

33.000 

28.000 

23.000 

28.000 

26.000 

27.000 

21.000 

27.000 

19.000 

12.000 

20.000 

13.000 

13.000 



The results of this study seem to indicate that the t test is 
not as robust as other researchers have found, e.g., Boneau (1960) 
and the Norton study (Lindquist, 1953). However, the results are 
consistent with those of Baker et^ al (1966) who found that the t 
distribution is little affected by the type of measurement scale 
used. 



The results of this study are summarized in Table 1 
which gives for selected combinations of shape of population, variance, 
and sample size the proportion of obtained s falling outside the 
nominal .05 and .01 probability limits for one-tailed tests in 
both directions. The combinations are representative of those used 
throughout the study and are for combinations of normally distributed, 
positively skewed, negatively skewed, and leptokurtic distributions. 
However, since type of scale did not seem to influence the obtained 
distributions of Jt, only the results for combinations of samples 
in which both samples used the interval transformations were 
considered for this summary table. For comparative purposes, 
the format of the table is similar to the table prepared by 
Boneau (I960, p. 61). 

The results of this study lead to the following conclusions: 

1. When sampling from normal distributions, the obtained 
distribution of t^s matches the theoretical distribution when either 
or both the n f s or variances are equal for both samples. However, 
when there are differences with regard to both variance and sample 
size the obtained distribution of t^ departs significantly from the 
theoretical distribution. As reported in other studies, e.g., 

Welch (1937) and Boneau (1960), when the sample with the smaller 
variance also has the smaller samples size, the proportion of 
obtained t/s is much less than expected, and when the sample with 
the smaller variance has the larger n, the proportion of t/s 
obtained is much more than expected. 

2. When sampling from the same nonnormal distributions 
such as both positive skewed or leptokurtic distributions, the 
obtained distributions of t^ match the theoretical distributions when 
the samples are equal in size and variance. However, with equal n's 
but different variances, the distributions of t^ are skewed and the 
resulting proportions are significantly different than expected for the 
skewed distributions. Contrary to the results of Boneau (1960), 

this discrepancy does not diminish with larger samples, e.g., n = 30 
for both samples. With combinations of differences in both n 
and variance, the results are similar to these combinations as noted 
above but are more extensive. 

3. When sampling from two different nonnormal distributions, 
the obtained distributions of t^ depart significantly from the 
theoretical distributions even when the samples are of the same size 
and have the same variance. When the sampling is from distributions 



NFGATIVE SKEW STANDARD DEVIATION =16 N=10,000 



TNT 


PER 


ORD 


FREQ 


0 


0.095 


-3.09860 


19.000 


1 


0.310 


-1.79817 


24.000 


2 


0.565 


-0.75783 


27.000 


3 


0.790 


-0.15096 


18.000 


4 


0.980 


0.45590 


20.000 


5 


1.200 


1.58294 


24.000 


6 


1.435 


3.40354 


23.000 


7 


1.645 


3.75032 


19.000 


8 


1.875 


5.39753 


27.000 


9 


2.135 


6.52456 


25.000 


10 


2.400 


8.34516 


28.000 


11 


2.670 


8.95203 


26.000 


12 


2.995 


9.81898 


39.000 


13 


3.385 


11.72627 


39.000 


14 


3.785 


12.85331 


41.000 


15 


4.150 


13.98035 


32.000 


16 


4.515 


15.71425 


41.000 


17 


4.945 


17.01468 


45.000 


18 


5.380 


17.44815 


42.000 


19 


5.805 


18.05502 


43.000 


20 


6.265 


19.00867 


49.000 


21 


6.770 


20.48248 


52.000 


22 


7.315 


20.91596 


57.000 


23 


7.900 


22.47647 


60.000 


24 


8.465 


24.64385 


53.000 


25 


9.030 


24.90394 


60.000 


26 


9.600 


25.42411 


54.000 


27 


10.225 


27.15801 


71.000 


28 


10.955 


27.50479 


75.000 


29 


11.645 


29.32539 


63.000 


30 


12.310 


30.36573 


70.000 


31 


13.015 


31.57946 


71,000 


32 


13.760 


32.09963 


78.000 


33 


14.585 


33.40006 


87.000 


34 


15.525 


34.70049 


101.000 


35 


16.510 


35.39405 


96.000 


36 


17.630 


36.60778 


128.000 


37 


18.790 


38.08160 


104.000 


38 


19.875 


38.86186 


113.000 


39 


21.060 


41.02924 


124.000 


40 


22.315 


41.46271 


127.000 


41 


23.740 


41.63610 


158.000 


42 


25.190 


42.24297 


132.000 


43 


26.550 


42.32966 


140.000 


44 


28.165 


42.50305 


183.000 


45 


29.955 


43.10992 


175,000 


46 


31.640 


43.97687 


162.000 


47 


33.535 


44.75713 


217.000 


48 


35.690 


46.83781 


214.000 


49 


37.790 


48.74510 


206.000 
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which are skewed in opposite directions, the obtained distributions of 
t are also skewed* Significant discrepancies were found between 
obtained and theoretical proportions of t^ for all combinations of 
n’s and variances. Even with n - 30 for both groups and with 
equal variances the proportion of t^s were significantly different 
than expected. For combinations of differences in both n’s 
and variances, the same trend is noted as before. 

4. When sampling from two different distributions one 
of which is normal and the other skewed, the obtained distribution 
°f t_ also tends to be skewed even for equal n’s and variance. 

Again, contrary to the results of Boneau (1960), the distributions 
of j: remain skewed and there are significant discrepancies from 
expected even with n’s of 30. Thus the effect of increasing the 
sample size does not normalize the obtained distribution as readily 
as Boneau found. With various combinations of unequal n’s and 
variances, the same results occur with these distributions as noted 
with other distributions. 

In this study, the t^ test was found to be quite sensitive 
to certain violations of its basic assumptions. Departures from 
normality seemed to produce significant discrepancies between 
theoretical and obtained distributions of t^ even for samples 
with equal n’s and variances. Thus the jt-test does not seem to 
be ”f unctionally nonparametric or distribution-f ree" as Boneau 
states (1960, p. 63). Significant discrepancies between the nominal 
and actual level of significance were found for many combinations 
of violations of the basic assumptions. Thus it is suggested that 
researchers carefully consider all of the assumptions underlying the 
£ test before applying it in all situations. As pointed out in this 
study, failure to satisfy all of the assumptions underlying the t-test 
often alters the probability of a Type I error. Thus the experimenter 
may be in the position of having far greater or far fewer chances 
of rejecting a true null hypothesis than he realizes, and the conclusions 
that he reaches might be due to the effects of violations of 
assumptions rather than treatment effects. 
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50 


39.945 


49.61206 


51 


42.240 


50.47901 


52 


44.500 


52.38630 


53 


46.645 


54.46699 


54 


48.780 


55.24724 


55 


51.060 


56.11419 


56 


53.545 


56.72106 


57 


56.255 


56.89445 


58 


59.025 


56.98114 


59 


61.730 


57.58801 


60 


64.605 


57.76140 


61 


67.790 


58.19488 


6 ? 


70.955 


60.36226 


63 


74.025 


61.14251 


64 


77.285 


62.61633 


65 


80.520 


63.83006 


66 


83.615 


64.52362 


67 


86.510 


65.82405 


68 


89.425 


67.12448 


69 


92.290 


67.64465 


70 


94.680 


68.85838 


71 


96 . ei 0 


69.89872 


72 


98.795 


71.71932 


73 


99.870 


72.06610 


74 


100.000 


73.80000 


75 


100.000 


74.32018 


76 


100.000 


74.58026 


77 


100.000 


76.74764 


78 


100.000 


78.30815 


79 


100.000 


78.74163 


80 


100.000 


80.21545 


81 


100.000 


81.16909 


82 


100.000 


81.77596 


83 


100.000 


82.20944 


84 


100.000 


83.50986 


85 


100.000 


85.24377 


86 


100.000 


86.37080 


87 


100.000 


87.49784 


88 


100.000 


89.40513 


89 


100.000 


90.27209 


90 


100.000 


90.87895 


91 


100.000 


92.69955 


92 


100.000 


93.82659 


93 


100.000 


95.47379 


94 


100.000 


95.82058 


95 


100.000 


97.64117 


96 


100.000 


98.76821 


97 


100.000 


99.37508 


98 


100.000 


99.98194 


99 


100.000 


101.02228 


100 


100.000 


102.32271 



225.000 

234.000 

218.000 

211.000 

216.000 

240.000 

257.000 

285.000 

269.000 

272.000 

303.000 

334.000 

299.000 

315.000 

337.000 

310.000 

309.000 

270.000 

313.000 

260.000 

218.000 

208.000 

189.000 

26.000 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 

0 . 



Table 1 



SUMMARY TABLE OF ACTUAL PROBABILITIES OF TYPE I ERRORS WITH A 
ONE-TAILED £ TEST FOR VARIOUS COMBINATIONS OF POPULATION 
SHAPES, POPULATION VARIANCES, AND n's 



Nominal Level of 
Significance 



Sample A 




Sample 


i B 




.05 




.1 


01 


Shape 


CT 


n 


Shape 


or 


n 


Left 


Right 


Left 


Right 


Nor 


4 


5 


Nor 


4 


5 


.049 


.049 


.008 


.010 


Nor 


4 


5 


Nor 


8 


5 


.056 


.060 


.014 


.012 


Nor 


4 


5 


Nor 


4 


15 


.042 


.051 


.008 


.010 


Nor 


4 


5 


Nor 


8 


15 


.017* 


.015* 


.001 


.002 


Nor 


4 


15 


Nor 


8 


5 


.118* 


.115* 


.045* 


.041* 


Nor 


4 


5 


+ Skew 


4 


5 


.030* 


.080* 


.004 


.024 


Nor 


4 


5 


+ Skew 


8 


5 


.023* 


.110* 


.003 


.039* 


Nor 11 


4 


15 


+ Skew 


8 


15 


.030* 


.084* 


.003* 


.030* 


Nor 


4 


30 


+ Skew 


8 


30 


.0308 


.074* 


.004 


.021 


Nor 


4 


5 


+ Skew 


4 


15 


.032 


.079* 


.003 


.024 


Nor 


4 


5 


+ Skew 


8 


15 


.004* 


.046 


.000 


.012 


Nor 


4 


15 


+ Skew 


8 


30 


.011* 


.044 


.001 


.012 


Nor 


4 


15 


+ Skew 


8 


5 


.085* 


.157* 


.026 


.064* 


Nor 


4 


30 


+ Skew 


8 


15 


.071* 


.124* 


.015 


.049* 


Nor 


4 


5 


Lep 


4 


5 


.042 


.046 


.007 


.011 


Nor 


4 


i> 


Lep 


8 


5 


.051 


.050 


.013 


.014 


Nor 


4 


5 


Lep 


4 


15 


.043 


.048 


.010 


.011 


Nor 


4 


5 


Lep 


8 


15 


.014* 


.016* 


.001 


.002 


Nor 


4 


5 


Lep 


8 


5 


.126* 


.115 


.045* 


.039* 


+ Skew 


4 


5 


+ Skew 


4 


5 


.041 


.042 


.007 


.006 


+ Skew 


4 


5 


+ Skew 


8 


5 


.029* 


.105* 


.006 


.031* 


+ Skew 


4 


30 


+ Skew 


8 


30 


.033 


.075* 


.003 


.022 


+ Skew 


4 


5 


+ Skew 


4 


15 


.033 


.065 


.001 


.017 


+ Skew 


4 


5 


+ Skew 


8 


15 


.002* 


.041 


.000 


.009 


+ Skew 


4 


15 


+ Skew 


8 


5 


.093* 


.145* 


.031* 


.055* 


+ Skew 


4 


30 


+ Skew 


8 


15 


.069 


.113* 


.016 


.042* 


+ Skew 


4 


5 


- Skew 


4 


5 


.110* 


.017* 


.046* 


.002 


+ Skew 


4 


5 


- Skew 


8 


5 


.123* 


.021* 


.052* 


.002 


+ Skew 


4 


30 


- Skew 


8 


30 


.079* 


.031* 


.026 


.003 


+ Skew 


4 


5 


- Skew 


4 


15 


.01? 2* 


.036 


.028 


.006 


+ Skew 


4 


5 


- Skew 


8 


15 


.043 


.007* 


.012 


.000 


+ Skew 


4 


15 


- Skew 


8 


15 


.178* 


.086* 


.094* 


.025 



+ Skew 
+ Skew 
+ Skew 
+ Skew 
+ Skew 
Lep 
Lep 
Lep 
Lep 
Lep 



4 

4 

4 

4 

4 

4 

4 

4 

4 

4 



5 

5 

5 

5 

15 

5 

5 

5 

5 

15 



Lep 

Lep 

Lep 

Lep 

Lep 

Lep 

Lep 

Lep 

Lep 

Lep 



4 

16 

4 

16 

16 

4 

16 

4 

16 

16 



5 

5 

15 

15 

5 

5 

5 

15 

15 

5 



.073* 

.058 

.049 

.003* 

.183* 

.044 

.055 

.044 

.005* 

.171* 



.027* 

.051 

.038 

.005* 

.177* 

.042 

.052 

.049 

.006* 

.172* 



.021 

.023 

.010 

.001 

.095* 

.007 

.018 

.009 

.001 

.080* 



.003 

.020 

.010 

.001 

.087* 

.006 

.018 

.008 

.001 

.086* 



*One-Tailed Tests 
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TNT 


PER 


ORD 


FREQ 


0 


0.020 


-10.70250 


4.000 


1 


0.070 


-9.20930 


6.000 


2 


0.150 


-8.01474 


10.000 


3 


0.230 


-7.31791 


6.000 


A 


0.315 


-6.62109 


11.000 


5 


0.420 


-5.32698 


10.000 


6 


0.510 


-3.23650 


8.000 


7 


0.605 


-2.83832 


11.000 


8 


0.735 


-0.94693 


15.000 


9 


0.875 


0.34717 


13.000 


10 


0.960 


2.43765 


4.000 


11 


1.020 


3.13448 


8.000 


12 


1.155 


4.12994 


19.000 


13 


1.305 


6.31997 


11.000 


14 


1.410 


7.61408 


10.000 


15 


1.510 


8.90818 


10.000 


16 


1.655 


10.89911 


19.000 


17 


1.815 


12.39231 


13.000 


18 


1.940 


12.89005 


12.000 


19 


2.130 


13.58687 


26.000 


20 


2.375 


14.68188 


23.000 


21 


2.575 


16.37418 


17.000 


22 


2.765 


16.87191 


21.000 


23 


2.945 


18.66375 


15.000 


24 


3.145 


21.15241 


25.000 


25 


3.355 


21.45105 


17.000 


26 


3.600 


22.04833 


32.000 


27 


3.910 


24.03926 


30.000 


28 


4.165 


24.43745 


21.000 


29 


4.395 


26.52793 


25.000 


30 


4.660 


27.72249 


28.000 


31 


4.920 


29.11614 


24.000 


32 


5.230 


29.71342 


38.000 


33 


5.595 


31.20662 


35.000 


34 


5.970 


32.69982 


40.000 


35 


6.370 


33.49619 


40.000 


36 


11.060 


34.88984 


898.000 


37 


18.400 


36.58213 


570.000 


38 


23.200 


37.47805 


390.000 


39 


26.575 


39.96672 


285.000 


40 


29.310 


40.46445 


262.000 


41 


31 .835 


40.66354 


243.000 


42 


34.200 


41.36037 


230.000 


43 


36.400 


41.45992 


210.000 


44 


38.470 


41.65901 


204.000 


45 


40.430 


42.35584 


188.000 


46 


42.250 


43.35130 


176.000 


47 


44 . 075 


44.24722 


189.000 


48 


45.815 


46.63634 


159.000 


49 


47.390 


48.82637 


156.000 



I o 
ERIC 



51 



A- 10 



BIBLIOGRAPHY 



Anastasi, Anne. Psychological Testing. New York: Macmillan Company, 

1961. 

Anderson, N. H. Scales and statistics: parametric and 

nonparametric. Psychological Bulletin, 1961, — , 

305-316. 

of s. S. Stevens' proscriptions on statistics. 

Educational and Psychological Measurement, 1966, 

26, 291-309. 

_ „ ipu- affects of violations of assumptions 

Boneau, C. Alan. The efteccs or viu Bulletin 1959, 

underlying the t test. Psychological Bullet in, i? , 

57, 49-64. 

Bex, G. E. P. Non-normality and tests on variances. B iometr ika» 
1953, 40, 318-335. 

Bradley, James V. Distribution-^ E "®l-obd 

Cliffs, New Jersey: Prentice Hall, 1968. 

Burke, C. J. Additive scales and statistics. P sychologic al «gvU». 
1953, 60, 73-75. 

Cochran, W. G-^Some 

Cochran, «. G. and Cox, C. M. E xperime ntal designs- New York, 

John Wiley & Sons, Inc., 1957. 

~ . a r. M Taki ae nf the ordinates and probability, integr al 

Dav • 

19:.. 

, . , a, t The effect of non-normality on the 

° aVid ’ power”! unction It the’ F- test in the analysis of variance. 

Biometrika , 1951, 38, 43-57. 

, o t tr Introduction to statistical 

Dixon, W. J. and Massey, F. J. , Jr. — 

analysis . New York: McGraw-Hill, 1957. 

Eisenhart, C. The assumptions underlying the analysis of variance. 
Biometrics » 1947, 3^ 1-21* 

Association, 1959, 54, 68-3-688. 



O 

ERLC 



37 



38 



50 


49.070 


49.82183 


180.000 


51 


50.925 


50.81730 


191.000 


52 


52.815 


53.00732 


187.000 


53 


54.665 


55.39644 


183.000 


54 


56.485 


56.29236 


181.000 


55 
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56 
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59 
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60 
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61 
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62 
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63 
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64 
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65 
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66.14747 
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66 
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68 
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71 
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36.000 


73 
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78 


97.195 


82.77175 


23.000 


79 
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20.000 


80 


97.580 
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14.000 


81 
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12.000 


82 
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86.75362 


9.000 


83 


97.940 


87.25135 
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84 
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85 
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86 
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87 
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88 
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89 
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91 
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99.29649 
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92 
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93 
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15.000 


94 


99.470 
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8.000 


95 


99.545 


104.97064 
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96 


99.625 


106.26475 


9.000 


97 


99.725 


106.96158 


11.000 


'98 


99.830 
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10.000 


99 
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108.85296 


9.000 


100 


99.985 


110.34616 


3.000 
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APPENDIX B 




TABLES OF SAMPLING DISTRIBUTIONS OF THE 
t RATIO 



TABLE ~ A 

OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
Normal (N = 5 ) and Normal (N » 5 ) DISTRIBUTIONS 
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Mean of Kurtosis -0.996 —1.071 —1.102 -0.938 —1.018 1.126 

SD of Kurtosis 0.506 0.573 0.525 0.594 0.651 0.526 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
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Mean of Kurtosis -0.996 -1.068 -1.107 -0.936 -0.964 -1.132 

SD of Kurtosis 0.510 0.655 0.519 0.576 0.562 0.526 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
Normal (N « 5 ) and Positive Skewed(N = 5 ) DISTRIBUTIONS 
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OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LLVELS OF SIGNIFICANCE 
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OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
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Mean of Kurtosis ' -0.380 -0.969 -1.047 0.561 0.063 -L.046 

SD of Kurtosis 0.775 0.471 0.428 1.804 L.277 0.427 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
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Mean of Kurtosis -0.365 -0.959 -1.036 0.528 0.208 -1.039 

SD of Kurtosis 0.807 0.499 1.448 1.755 1.739 0.440 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
Normal (N = 5 ) andw opaf-tva Slt«»v»»H(N a 1 s) DISTRIBUTIONS 
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OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
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SD of Kurcosis 0.782 0.476 0.426 2.291 1.015 0.412 
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OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
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Mean of Kurtosis -0.369 -0.959 -1.042 -0.928 -1.054 -1.152 

SD of Kurtosis 0.809 0.495 0.438 0.612 0.582 0.569 
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Mean of Kurtosis 0.492 -0.410 -1.065 0.504 0.049 -1.090 

SD of Kurtosis 1.736 1.178 0.432 1.735 1.253 0.417 
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OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
Positive Skewed (N g 15 ) and Positive Skewed(N = 5 ) DISTRIBUTIONS 
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OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
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Mean of Kurtosis 0.486 -0.404 -1.073 -0.920 -1.087 -1.109 

SD of Kurtosis 1.732 1.180 0.412 0.583 .525 0.525 
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SD of Kurtosis 2.417 1.550 0.261 1.739 1.704 0.445 
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of Kurtosis 0.500 -0.405 -1.078 -0.920 -1.226 -1.105 

! Kurtosis 1.735 1.180 0.418 0.578 .661 0.520 



o 

•o 



sO 


CO 


CM 


sO 


SO 


CO 


CM 


sO 


i-H 


o 


rH 


rH 


O 


o 


rH 


O 


O 


o 


o 


O 


O 


o 


O 


o 


O 


o 


o 


O 


O 


o 


O 


o 


• 


• 


• 


• 


• 


* 


* 


• 



w 

n 

2 



os 

o 

fJu, 

W 

O 

2 



O 

M 

CO 

fJu, 

O 

CO 

1-3 

w 

> 

w 

i-3 



W 

> 



CO 

Z 

o 

M 

5 

CQ 

M 

ft* 

H 

CO 



XJ 

0) 

» 

<u 

CO 

<u 

> 



o ^ 

H 



ex 

o 

(JL, 

CO 

w 

ZD 

i-3 

5 



In 

O 

CO 

w 

o 

£ 

§ 

w 

Cl, 

Q 

U3 



.5 

CQ 

O 



XI 

c 



o 

CO 



o 

in 

o 

o 



o 

o 



o 

m 

Cs| 

o 



<r 


CO 


CO 


sO 


o 


sO 


CO 


sO 




so 


in 


<r 


sO 




sO 


m 


sO 


so 


o 


o 


o 


O 


O 


O 


o 


O 


o 


o 


o 


o 


O 


o 


O 


o 


O 


o 


• 


• 


• 


• 


* 


• 


* 


• 


• 



CM 


Ol 


00 


<rl 


SO 


CM 


CM 


CO 


sO 


CM 


ml 


Om 


srl 


<r 


CM 


<r 


CO 


CM 


rH 


Hi 


o 


rH 


rH 


rH 


rH 


rH 


iH 


O 


ol 


ol 


ol 


O 


O 


O 


O 


O 



00 


o 


ol 


CM 


CM 


SO 


<r 


<r 


o 


rH 


o 


in 


col 


CM 


r>» 


CM 


rH 


m 


CO 


m 


CM 


col 


CO 


CM 


co 


CO 


CM 


O 


o 


o 


ol 


O 


O 


o 


o 


o 


• 


•| 


•1 


•1 


• 


• 


• 


• 


* 



D CM 


cm| cm 


CM Q 


<r 


CM 


00 


D O 


00 cn 


cm co 


so 


o 


00 


0 SO 


in <r\ 


so so 


n 


sO 


m 


D O 


o o 


o o 


o 


o 


o 




o 


o 


<r 


<r 


O 


CO 


CM 


co 


CM 


m 


CM 


SO 


o 


o 


*0* 


rH 


O 


rH 


rH 


O 



CM 


o 


CM 


CM 


o 


CM 


CO 


<r 


m 




00 


CO 


sO 


so 


CM 


O 


o 


O 


o 


o 


• 


• 


• 


• 


• 



o 




o 


CM 


o 


CM 


so 


CM 


00 


SO 


o 


CO 


in 


CM 


o 


rH 




m 


m 


00 


rH 


in 


m 


CM 


in 


m 


rH 


CO 


co 


o 


o 


o 


o 


O 


o 


o 


o 


o 


o 


o 


• 


• 




• 




• 


• 


* 


• 


• 



o 


* 

o 


*K , 
sO 


00 


* 1 
o 


* . 
ol 


<r 


sO 


00 


o 


in 


00 


o 


CM 


<r 


so 


o 


rH 


rH 


co 


o 


CO 




rH 


H 


CO 


rH 


CM 


CM 


o 


o 


o 


o 


o 




1 °J 


oj 


O 


O 


o 



o 

o 



o 

o 

CM 

o 



00 



sO 


ol O so 


sO 


CM 


sO 


CM 


3 in h 


r>* 




o 


O 


H H o 


o 


o 


o 


o 


oj o o 


o 


O 


o 




0 *1 *1 


• 


• 


• 



c 

9) 

o 

u 

<u 

Cl, 



V CO 

C 

Q. *H 

e xi 
CO N 
CO o 



w 

0) 



CO 

> 

M 

<11 



CO 

CO 

O 

W 

c 

o 



M 

O 

0) 

0) 

Q 



m 


os 




os 


in 


i-". 


CM 


o 


iH 




co 


o 




vr 


o 


CM 


in 


in 


o 


co 


o 



O 

m 



i* 5 



o 

o 

o 

o 

m 



c 

<u 

o 

M 

<11 

Cl, 



V CO 
H C 
O* *H 
6 XJ 
CO U 
CO O 



•‘O' 

CM 

o 

o 

m 



o o 
l 



r-> 

co 



m fH 

o o 
<r 

s; o 



os co 

o so 

o cm 



co 

<r 



sO 


m 


rH 


so 


sO 


rH 


rH 


rH 


so 


CM 


CO 


o 


m 


O 


rH 


CO 


o 


o 


CO 


rH 


os 


SO 


CM 


r>» 




• 


• 


• 


• 


• 


• 


• 


o 

in 


CM 


r>» 


CM 


o 

t 


o 


o 


rH 



m 


rH 




m 


so 


o 


Os 


m 


OS 


CM 


OS 


o 


<r 


<r 


o 


CO 


CM 


os 


so 


in 


i-"* 
















CM 


I - "* 


CM 


o 


o 


o 


rH 



<r 

co 



o 

so 

CM 



CM 


r>. 


SO 




<r 


00 


sO 


m 


CM 


CM 


00 


00 


CM 


Mt 


SO 


co 


O 


h* 


00 


m 


r-» 


<r 


O 


m 


• 


• 


• 


• 


• 


• 


• 


• 


o 

m 


o 


CO 


o 


o 


o 


o 


«H 



CO 


OS rH 


cm r>. 


<r 


O 


SO 


o 


> 


00 CO 


m cm 


CO 


CO 


CO 


rH 


u 


os r* 


00 00 


CM 


m 


in 




<u 


• • 


• • 


• 


* 


• 


• 


u 

c 

IH 


Os O 


CO o 


rH 


o 


rH 


CM 



0) 
<0 
f— I 
CO 

u 

to 



















w 










to 


Vi 


















c 






0) 




o 




















co 






s 




4J 


Vi 
















• 


01 w 


0) 




Ol 


Vi 


U 


o 


■o 


u 


4J 


XJ 


u 


4J 


XJ 


u . 


s c 


Q 






> 


0 


u 


u 


0) 


c 


u 


0) 


c 


u 


<u 


co 


w 


Vi 


cn 


0) 


u 


u 


o 


pL, 


HI 


o 


PL, 


HI 


o 


04 


IH Q) 




a 








D 


















O X 


IN 


CO 


IH 


cn 


IN 


U 


1 


1 


I 


1 


1 


t 


1 


1 




o 




o 




o 




















Vi IN 




lM 




(H 




IH 


















c o 


c 


o 


c 


o 


C 


o 


u 


ii 


XJ 


XJ 


XJ 


u 


u 


u 


*0 


<0 




<0 




<0 




c 


c 


u 


u 


u 


0) 


o 


<11 


<11 Q 


0) 


Q 


<11 


Q 


0) 


Q 


M 


*H 


o 


o 


o 


ps, 


(U 


04 


X w 


X 


cn 


X 


cn 


X 


cn 



B - 115 



•3 



O 

ERIC 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 



o 


o 


00 


oJ 00 


o 


CM 


rH 


p* 


a> 


CM vO 


a 


CM 


O 


O 


o 


H O 


o 


rH 


O 


o 


o 


q o 


o 


O 



o 

co 

o 

o 




cn 

z 

o 

B 

§ 

M 

B 

CO 



in 

II 

2 



u 

3 

a: 

o 

u 

O 

<u 



c 

to 



O 


CM 


CM 


o 


CM 


CO 


o 


CM 




co 


m 


m 


rH 


<r 


m 


o 




Ox 




vO 


o 


rH 


CM 


CM 


rH 


CM 


CM 


O 


r^l 


o 


o 


O 


O 


o 


O 


O 


O 


ol 




o 



o 

o 



00 


HC 1 
CM 


00 


CM 


* 

CM 


*d 


vO 


vO 


vO 


CM 


o 


VO 


CM 


co 


*d 




<N 




CM 


CM 


co 


rH 


rH 


rH 


o 




O 


O 


o 


O 


O 


O 






• 


• 


• 


• 


• 


• 



o 


sr 


vO 


vO 


o 


*d 


00 


<r 


vO 


o 


m 


co 


r»H 


00 


*d 


00 


00 


p-» 


CO 


vO 


CM 


CO 


CO 


*d 


<o 


cn 


*d 


CM 


CM 


CM 


o 


o 


o 


o 


o 


o 


O 


O 


o 


O 



<u 

o 



c 

t >0 



<u 

> 

01 

►J 



tA O 


CM 


o 


CM 


00 


o 


00 


CM 


CM 


CO 


O O 


rH 


ax 


ax 


CM 


o 


Ox 


O 


m 


CM 


*h m 


in 


m 


vO 


m 


vO 


vO 


m 


m 


m 


M-j O 


o 


o 


o 


o 


o 


O 


o 


o 


o 


iH • 




• 


• 


• 


• 


• 


* 


• 


• 



o 


00 


CM 


sr 


00 


CM 


CM 


<r\ 


00 


<r 


o 


p-* 


ax 


00 


vO 


00 


00 


CM 


CM 


ox 


m 


m 


m 


vO 


m 


in 


vO 


in 


m 


mt 


o 


o 


o 


o 


o 


o 


ol 


o 


o 


o 



o 

o 



o 

o 



o 


d 




o 


00 


O 


in 


IT 


a 


r*. 


*d 


a> 


CM 


r 


cn 




CO 


CO 


o 


o 


o 


O 


C 


o 




ol vOl vO 

00 axl co 

cn| cm 

01 o o 



c 

0» 

o 

u 

0» 

PL 



(A 

<U 

rH 



§• £ 



<0 

CO 

<44 

o 

w 

c 

o 



u 

w 

01 

o 



Ps. 


CM 


00 


Ps. 


m 




r>. 


rH 


CO 




OV 


CO 


o 


CM 


*d 


OX 


ax 


CM 


p-» 


1^ 


o 


vO 


rH 


m 


















ax 


in . 


ax 


pv 


o 


O 


rH 


o 


sr 


rH 


CM 








1 





cn 

rH 
<D (0 


o 


ox 


ax 


CM 


CO 


vO 


00 


m 


H C 


00 


CM 


m 


sr 


rH 


VO 


sr 


00 


CL *H 


00 


o 


o 


VO 


o 


vO 


o 


m 


0 *0 






• 


• 


• 


• 


• 


(0 U 


ox 


00 


m 


m 


o 


o 


rH 


o 


cn o 


sr 




rH 




i 




1 







o 


p-» 


CM 


00 


CO 


m 


Ox 


rH 


> 


00 


d 


<r 


rH 


O 


m 


rH 


CM 


Li 


CM 


CM 




CO 


o 


p-» 


OX 


vO 


<U 


• 




• 


• 


• 


• 


• 


♦ 


4J 


o 


rH 


oo 


CM 


o 


o 


o 


O 


c 


in 


iH 


rH 


rH 






1 




w 



















c 

0) 

0 

Ll 

01 

PL 



CO 

o 



o 

in 



ax 


CO 


in 


o 


CM 


rH 


CO 


ax 


o 


O 


00 


ax 


ax 


o 


vO 


CM 


<r 


vO 


o 


o 


rH 


CM 




i 





m 

o 





cm! c 


M CM 


o 


cm| c 


0 00 


vO 


CM C 


D O 


O 


ol c 


D Ol 


O 




(0 

> 

u 

01 



CM 

m 



cm! 


vd 


1 °°l 


<U (0 


r-* 


rH 


Ox OX 


00 


vO 


vO 


vO 


ml 


d 


o 


rH C 


rH 


00 


co p- 


o 


o 


00 


00 


2\ 


a 


3 


£X *H 
@ HO 


O 


p** 


CO CM 


CO 


vO 


Ox 


CM 


•1 


•1 


1 *1 


(0 M 


o 


rH 


CO rH 


o 


O 


o 


rH 








CO O 


m 










I 





d 


CM 


rH d 


d co 


P-» 


vO 


00 


00 


Ox CM 


CO o 


Ox 


rH 


OX 


PN. 


rH VO 


St VO 


00 


vO 














OX 

d 


rH 


CO rH 


o o 


O 


O 



(A 

C 

(0 

01 (0 



OO 


u 


•a 


u 


U 


'O 


Li 


u 


'O 


Li 




c 


(A 


C 


Li 


<u 


C 


Li 


<U 


6 


Li 


<11 




to 


<U 

—A 


M 


o 


CL 


M 


O 


PL 


M 


O 


CL 


<4H 


£ 


r— i 

tA 


I 


t 


1 


1 


1 


1 


1 


1 


1 


U 




O 




















CA 


LH 


t/) 




















C 


o 


< 


4J 


u 


u 


d 


d 


d 


b 


Li 


Li 


to 






C 


C 


C 


h 


Li 


Li 


<U 


01 


01 


a> 


Q 




M 


HH 


M 


o 


O 


O 


CL 


CL 


CL 


a 


cn 



(A 

a 

CO 

o 

c 

<d 

0) 

X 



(0 



(A 
01 

(A W 3 

Q M 

CO 1M CO 

0 

CM UH 

O C O 

(0 

D CU O 

CO s CO 



(A 

o 

4 J 

3 

US 

UH 

o 

s 

I! 



(A 

8 

* 

L-l 

o 

a 

co 



B - 117 



O 

ERIC 



;f yr) 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
Positive Skewed (N - 15 ) and Leptokurtic (N °15 ) DISTRIBUTIONS 



7 



9 



o 

o 



o 




cm 1 o vo | <r 




vo 


o 


CM 


o O CM CM 


CM 


o 


o 


O 


o o o o 


o 


o 


o 


O 


o o o o 


o 


o 



o 


00 


CM 


o 


CM 


CO 


© 


CM 


m 


H 


CM 


00 


CM 


CM 


00 


ON 


o 


o 


o 


o 


o 


q 


o 


o 


o 


o 


o 


o 


© 


q 


o 


o 






• 


• 




• 


• 


* 



o 


00 


mi- 


CM 


lO 


*4 


lO 


1 


o 


o 


CO 


mi* 


•4 


m 


rs 


mj- 


vo 


rs 


pH 


o 


o 


iH 


o 


o 


H 


pH 


H 


o 


o 


o 


© 


o 


o 


o 


1 ° 


o 



o 

Ov 


CM 

vo 


41) 

pH 

•H 


vo 


o 


o 


00 


CO 




Ov 


00 


o 


o 


VI 


H 


m 


00 


m 


H 


CM 


m 


pH 


o 


o 


d 


00 


CM 


vo 


CO 


o 




CM 


MT 


• 


• 


0) 


• 


• 


• 


• 


• 


• 


• 


• 






u 

Vi 

41) 

04 


Ov 

sr 


00 


o 

CO 


CO 


o 


o 


H 

1 


o 



o 


V0 


vo 


o 


d d o 


o 


o 


CM 


m 


CO 


vo 


Ovl 


co oJ ov 


CM 


CM 


m 


CM 


H 


H 


CM 


pH «h] CM 


CO 


CO 


CM 


o 


o 


o 


o 


d ° 


o 


o 


o 


• 




• 


•1 




• 


• 


• 



41) (0 


rs 


vo 


rs 


H 


m 


CM 


00 


rs 


H C 


VO 


m 


00 


vo 


o 


CO 


CO 


CM 


a -h 


Ov 


CM 


mi- 


CO 


o 


00 


H 


rs 


i *o 


• 


• 




• 


• 


• 


• 


• 


a u 


ov 


pH 


Ml- 


H 


o 


o 


o 


pH 


co o 


*4- 












1 





<D 

o 

c 



G 
00 
*H 
CO 

O O 
O 
<n m 
*H O 

<u * 
> 

0) 

o 

m 

CM 

o 



o 

o 



o 


CM 


CM 


Mf 


<t\ 


o 


CM 


o 


00 


CM 


o 


vO 


•H 


ml 


CM 


00 


vO 


vo 


m 


ov 


m 


CO 


Mt 


ml 


sr 


Ml- 


m 


m 


m 


Ml* 


o 


o 


o 


o] 


O 


o 


o 


o 


o 


o 



* 

Ml 

cs 

rs 

O 



VO 

rs 

co 

o 



cs 

vO 

vO 

o 



vO 

in 

O 



oo 

CT> 

CNI 

o 





sQ 


CM 


Vo 


CO 


m 


m 


o 


o 


CM 


CM 


Ov 


VO 


CM 


CM 


o 


o 




• 



w 

41) 

rH 

8* 

CD 

CO 

*H 

O 

w 

d 

o 

*H 

VI 

a 

•H 

Vi 

U 

W 

0) 

Q 



> 

Vi 

41) 



00 m pH Ov CO 

H 00 O Ov O 

o cm mi- co o 



o 

n 



o o 

CM pH 
H CO 



d 

41) 

u 

Vi 

41) 

PU 



rs 

Ov 

CO 



o 

n 



ov in 
ro co 
vo m 

|S co 
CM 



00 

CO 



vO| 


<r 


sr 


ml 


HI 


H 



CM 

col 



o 


CM 


Ml- 


CM 


o 


o 


o 


00 


o 


CM 


m 


00 


vo 


o 


ml 


m 


o 


00 


Ov 


Mr 


o 


o 


o 


•H 


o 


o 


pH 


o 


o 




o 


o 


© 


1 3 


1 H 


o 


o 


o 


o 


1 i 



o 


<r 


CM O 


o 


VO 


00 


o 


o o 


pH 


CM 


CM >4 


CM 


H 


CO 


CO 


CO H 


o 


o 


o o 


o 


o 


o 


o 


o o 


o 


o 


o o 


o| 


o 


o 


o 


o| of 


• 


• 


•1 *1 


*1 


• 


• 


• 


*1 *1 



ST vo 
v£) CM 
O 



cm| 


.Ml- 


i 41) (0 


vo 


ON 


m 


vO 


OV 


mi- 


rs 


MT 


srl 


Ov 


pH d 


H 


CM 


rs 


OV 


*H 


430 


OV 


vO 


H 


o 


a -h 


o 


o 


rs 


rs 


VO 


Ml- 


co 


pH 


© 


o 


e -o 






• 


• 


• 




• 


• 






td Vi 


o 


»H 


CO 


o 


o 


o 


o 


rH 






co o 


m 












1 





2? 


*4 


Ml- 


CM 


VO 


Ml- 


o 


o 


o 


> 


CO 


CO 


o 


o 


00 


o 


H 


CM 


Vi 


Ov 


o 


rs. 


iH 


ov 


vO 


m 


rs 


41) 






• 


• 


• 


• 


• 


• 


4J 

d 

M 


OV 

*4 


rH 


CO 


iH 


o 


o 


o 


rH 



0) 

41) 

pH 

td 

a 

co 



vi 

d V* 

w o 

















to 












(A 


(A 
















a 








(A 




0 


•H 
















td 








s 




VI 


(A 
















41) 


0) 


(0 




a) 


(A 


Vi 


0 


u 


VI 




u 


VI 


TD 


Vi 


s 


d 


a 






» 


0 


VI 


0) 


d 


Vi 


41) 


d 


Vi 


41) 




td 


CO 


W 


CO 


41) 


u 


Vi 


cv 


M 


o 


04 


M 


o 


04 




0) 




Q 








d 
















o 


s 


IH 


w 


4-1 


CO 


<H 




1 


1 


1 


1 


1 


1 


1 






0 




0 




o 


















to 


IH 








IH 




IH 
















d 


o 


d 


0 


d 


0 


d 


0 


VI 


"O 




-o 


u 


u 


u 


td 




td 




td 




td 




c 


Vi 


Vi 


Vi 


41) 


41) 


41) 


0) 


Q 


41) 


Q 


41) 


o 


0) 


o 


M 


o 


o 


o 


04 


04 


04 


£ 


LO 


3C 


CO 




CO 


£ 


CO 



B - 118 



o 

ERLC 



\ 



* 



7 



W 









o 

rH 

o 

o 



v£ 

c 

c 



00 

rH 

O 

O 



vO VO 
O rH 
O O 
O O 



eg 


eg 


<r 


00 


m 


rH 


rH 


o 


O 


O 


O 


o 


o 


O 


o 


o 


• 


* 


• 


• 



£ 

(0 

2 



CO 

25 

o 

H 

§ 



2 B 



1 



UJ 

hJ 

03 

< 

H 



25 

O 

M 

W 

fJU 

o 

3 

W 

> 

w 

55 

(0 

> 



CO 

M 

Q 



o s 



o5 

o 

fJU 

CO 

U] 

d> 

r4 

$ 



fJU 

0 

CO 

m 

1 
w 
u 
OS 
m 

CM 

a 

m 

25 

M 

IS 

03 

O 



T3 

(3 

tO 



o 

m 

o 

o 



<r <r 


eg <r 


00 


o 


vO 


o 


vO| O^ 


<r vo 


00 


<r 


m 


m 


o o| 


o o 


o 


o 


o 


o 


1 °.l ^ 


O o 


o 


o 


o 


o 




o 


<r 


vo 


00 


<r 


Ov 


iH 


Ov 


rH 


o 


rH 


o 


o 


o 


O 


°l 


* 


• 


• 1 


I *1 




vd < 


<r 


eg 


o 


rH 00 


eg 


m 


00 


3 eJ eg 


m 


eg 


eg 


H Of O 


o 


o 


oj 


1 •! 


* 


• 


*1 



6 

00 



D 00 1 00 




00 


eg 


nr 


vO 


3 vol <T\ 


53 


i ^ 


m 


00 


OV 


r\ <r| m 


trj 




m 


m 


<r 


D O O 


i 3 


a 


o 


o 


o 



eg eg 
col ml 
in| ml 
o c 



o 

rH 

o 

o 







m 


<j4 


m 


in| 


o 


ol 


• 


i 



CC 

CV 

c 



eg | 
eg I 
ml 
o 




00 


00 


eg 


Ov 


eg 


m 


m 


•gr 


<r 


o 


O 


o 








vo 


vo 


eg 


Ov 


O 


rH 


rH 


eg 


eg 


O 


O 


O 








gr 


<r| 


1 00 \ 




Ov 


00 1 


o 


o 


o 


o 


o 


°l 


• 


• 


1 *1 




o 


00 


o 


1 °l 


o 

rH 

O 


m 

o 

o 


m 

o 

o 


1 


• 


• 


•1 


1 •! 




<u 

rH 

•H 

U 

G 

0) 

o 

M 

4 > 

CM 



VO 


eg 


o 


ov 


00 


r-* 




43 


i-H 




00 


o 


rH 


O 


m 


O 


00 


Ov 


o 


vO 


O 




eg 






• 


• 


• 


• 


• 


• 


• 


Ov 


00 


m 


m 


o 


o 


rH 


o 






m 








1 





rH 
<3 cd 


m 


m 


rH 


O 


eg 


eg 


o 


rH C 


<r 




rH 


m 


o 


eg 


m 


a *h 


00 


vO 


O 


m 


o 


vo 




0 *o 

td m 
w o 


OV 

<r 


<r 


r» 

rH 


m 


0 

1 


o 


0 

1 



W 

0) 

rH 



i* 5 



(0 

CO 

MH 

o 

(0 

d 

O 



M 

O 

(0 

0) 

Q 



Ov 


m 


eg 




Ov 


00 


00 




rH 


00 


00 


Ov 


O 




m 




Ov 


eg 


ov 


o 


O 


rH 


o 


eg 




• 


• 


• 


• 


• 


* 


• 


Ov 

<r 


vO 


rH 

eg 


Ov 


o 

1 


rH 


rH 


eg 



4J 

G 

0) 

O 

M 

<u 

cm 



0 ) to 

rH c 
a. *h 
0 *0 
3 u 
CO o 



rH 

CO 

> 

u 

(0 

4J 

d 



eg 


m 


m 


o 


eg 


•gj- 


rH 




eg 


<r 


m 


eg 


O 




00 


rH 


m 


eg 


r> 


m 


o 


m 


O 








• 


4 


• 


• 


• 


• 


o 


r> 




CO 


o 


o 


rH 


o 


m 




eg 




I 




1 





vO 


00 


<r 


rH 


r- 




in 


<r 


o 


Ov 


o 


o 


00 


rH 


o 


o 


1-** 


00 


vo 


<r 


<r 






• 


• 


• 


• 


• 


o 

•n 


rH 


m 


o 


o 


o 


o 

I 



r* 

i"* 



rH 


rs 


rH 


o 


m 


00 


rH 




rH 


rH 


eg 


rH 


e- 


o 


O 


m 


o 


o 


r- 


rH 


Ov 


vO 


m 


r- 


















o 

m 


rH 


m 


rH 


O 


O 


o 


rH 



(0 

a) 

rH 

to 

u 

CO 



*o 

Ml 

o 



M 

4) 

CM 



T3 

U 

o 



a> 

PM 



U TJ M 

C U 0) 

W O CM 



4-> 

d 



4-> 

d 



4-1 

d 



03 

M 

O 



•O 

U 

o 



T3 

M 

O 



U 

0) 

CM 



M 

<3 

CM 



Mi 

a> 

CM 



U) 












U) 


U) 


d 








2? 




o 


■H 


to 








> 




4J 


W 


4) 


to 


W 




4) 


w 


M 


o 


xs 


d 


Q 






s 


0 


4J 




cd 


CO 


w 


W 


Q) 




u 




4) 




Q 








d 


o 


2C 


4h 


cn 


4H 


cn 


4H 


3d 






o 




O 




O 




CO 


4h 




4H 




M-» 




4H 


d 


O 


d 


o 


G 


o 


d 


O 


cd 




td 




cd 




td 




4) 


Q 


0) 


a 


4) 


a 


4) 


a 


s 


CO 


S 


w 


E 


cn 


X 


cn 



B - 119 



O 

ERIC 



* 



i 



o 


CN 


v£> 


<N 


*d- 


o 


CN 1 


CN 1 


1 o 1 


1 O 


rH 


o 


O 


O 


rH 


rH 


O 


<r 


m 


rH 


o 


o 


O 


O 


o 


O 


o 


m 


m 


o 


o 


o 


O 


O 


o 


O 


o 


o 1 


ol 


o 


• 


• 


• 


* 


* 


• 


• 1 


! * 1 


t • | 


1 • 



o 

CN 



lii 

£ 

$ 



05 

5 

w 

o 

6 

X 

HI 

5 



X 

o 

cn 

►J 

w 

> 

w 

►J 

2 - 
w 
> 
HI 

o 

05 

2 

cn 

w 

o 

►J 

< 

> 



X 

o 

V) 

w 

o 

< 



w 

2 

w 

04 

Q 

W 

X 

HI 

§ 

o. 



x 

3 

o 

JJ 

. o 
<u 

i-3 

C 

tO 



o 


oc 


CM 


CN 


00 


CN 


cn <r 


m 


*d 


cr 


H 


m 


cn 


»h| cn| 


o 


c 


o 


o 


o 


o 


o co 


o 


c 


c 


o 


o 


o 


°.| °| 



*K 

sr| 

cn| 

00 

o 



Ol 

<r 

o 

o 



jj 

G 

0) 

o 

x 

0) 



00 


00 


<r 


ON 


m 


cn 


00 


m 


ON 


m 


m 


H. 


CN 


CN 


NT 


m 




CN 


m 


m 


o 




CN 


NT 








• 




• 






ON 


00 


o 

cn 


cn 


o 


o 


rH 

1 


o 



















, He . 


He . 




Oi 


















cn 


O 


vO 


<r 


00 


00 


o 


00 1 


vO | 


oo dl 






















z 


o 


ON 




rH 


rH 


ON 


rH 


CN 


cn o 4 






















o 


rH 


o 


o 


o 


rH 


o 


o 


o| 


o ol 


oQ 




















HI 


o 


o 


o 


o 


o 


o 


ol 


rH | 


rH O 




rH 


















H 


















‘I 1 


0 ) 


(Q 


o 


ON 


ON 


rH 


o 




00 


NT 


O 
















* 




rH 


C 


CN 


NT 


vO 




o 


cn 


CN 


m 


00 




















IX iH 


ON 


CN 


NT 


cn 


o 


00 


rH 




HI 




















B 


T 3 


• 


• 


• 


• 


• 


• 


• 


* 


P 5 








* 






*K 


*K » 


He . 


(0 


X 


ON 


rH 


Hi- 


rH 


o 


o 


o 


rH 


H 


o 


vO 


vO 


CN 


00 


o 


■d* 


CN I 


00 CN 


cn 


o 


<r 












1 




cn 


m 


ON 


r>. 


<r 


rH 


rH 


•d* 


vO| 


vO CN 






















HI 


CN 


rH 


rH 


o 


CN 


CN 


O 


cn 


cn cn 






















a 


o 


o 


o 


o 


O 


O 


o 


rH 1 


iHl ol 






































* 


* * 




rH 

(0 


0 \ 


vO 


m 


rH 


CN 


00 


vO 


ON 




0 ) 




















> 


H* 


v£> 


vO 


vO 


o 


ON 


ON 


ON 


m 


a 
















to 




X 


ON 


CN 


cn 


00 


o 


rH 


O 


CN 


rH 


C 






* 






He 


He , 


ne . , 0 ) 




<D 


• 


• 


• 


• 


• 


• 


• 


• 


n 


« O 


00 


00 


v£> 


O 


O 


<r 


00 


00 Ol rH 




JJ 


0 * 


rH 


NT 


rH 


o 


rH 


rH 


CN 




a o 




m 


00 


CN 


O 


00 


CN 


H °3 B- 




c 


<r 








I 








z 


iH m 


cn 


cn 


O 


•d* 


<r 


o 




M 6 




HI 


















w 


4 H O 
•H • 


o 


o 


O 


o 


o 


o 


H I 


T T S 























6 

00 



O O 


CN O 


00 


vO 


HT 


o 


CN 


00 


O 


o>| oo 


vO 


ON 


o 


rs 


vO 


<r I 


w m 


ht] cn 


o 


<r 


HT 


o 


r- 


r^| 


rH O 


ol o 


o 


o 


o 


o 


rH 


H | 


<D * 
> 

















O I 
on 
col 
o 



£ 

(0 

G 

O 

*H 

JJ 

(X 



0) 
















U 


•H 


ON 


CN 


m 


cn 


m 


vO 


cn 


CN 


►J 
















to 


JJ 


<r 


CN 


in 


vO 


rH 


00 


CN 


CN 








He 






ne 


He 


He , o> 


G 


ON 


r> 


00 


00 


o 


m 


rH 


m 


o 


<r 


o| 


o 


vO 


CN 


O 


O 


O cn G> 


0) 




• 






• 


• 


• 


• 


m 


vol 


IN 


cn 


00 


r>. 


cn 


rH 


00 on! 


o 


ON 


CN 


NT 


vO 


o 


o 


rH 


o 


CN 


CN 


rH 


o 


CN 


rH 


o 


NT 


ml rH| 


x 


<r 


rH 


CN 








1 




o 


o 


O 


o 


O 


o 


o 


rH 


1— 11 o 


0) 


















• 


•1 


*1 














IX 



















O 

o 



o 

m 

o 

o 



o 

o 



ol oo CN 


o 


v£> 


CN 


00 


o oo 


N ini rH 


CN 




i-H 


HT 


in v£>| 


D ol o 


rH 


O 


O 


O 


o o 


i H °. 


o 


o 


o 


rH 


rH Ol 



ht! vO 


o 


o 


vO 


00 


<r 


CN 


«n o 


m 


cn 


o 


in 


v£> 


cn 


d\ o 


o 


o 


o 


00 


00 


o 


cA o 


o 


o 


o 


o 


o 


o 



0) to 


rH 


H 


m 


v£> 


00 


CN 


cn 


o 


rH G 


ON 


VO 


CN 


r- 


rH 


ON 


CN 


rH 


IX *H 


ON 




cn 


CN 


cn 


m 


o 


ON 


e no 


• 


• 


• 


• 


• 


• 


• 


• 


c3 u 


ON 


rH 


en 


r-l 


o 


o 


rH 


o 


en o 


HT 












i 




rH 


















(0 


r- 


o 


rH 


NT 


rH 


rH 


00 


CN 


> 


in 


r** 




CN 


<r 


ON 


rH 


ON 


U 


ON 




rH 


V0 


■d- 


m 


ON 


m 


<D 


• 


• 


• 


• 


• 


• 


• 


• 


JJ 


ON 


rH 


cn 


rH 


o 


o 


o 


o 


G 


HT 












1 





H CN 


CN 


CN 


CN 


•* 

v£> 


CN 


vO 


ol o 


rH 


O 


o 


CN 


CN 


o 


9 o 


O 


o 


o 


m 


m 


o 


q o 


o 


o 


o 


o 


o 


o 


1 i 


• 


• 


• 


• 


• 


• 























to 












to 


to 






















c 








to 




o 


•H 






















« 












jj 


to 




• 


• 


• 


• 


• 


• 


• 


• 


• 


01 


(0 


u 




01 


to 


X 


o 


00 


;i 


*0 


M 


JJ 


'O 


X 


u 


*0 


X 


X 


G 


a 






> 


3 


JJ 


to 


G 


U 


<U 


G 


X 


0) 


G 


u 


0) 




« 


cn 


to 


cn 


01 


*4 


X 


<1) 


M 


o 


IX 


M 


o 


fX 


M 


o 


X 


«M 


0) 




a 




X 




3 


rH 




















o 


X 


«x 


cn 


4H 


cn 


UH 


5-5 


C3 


1 


1 


1 


t 


1 


1 


1 


1 


1 






o 




O 




O 




U 




















to 


UH 




4H 




«x 




UH 


tn 


















• 


G 


o 


G 


o 


G 


o 


G 


O 


< 


jj 


JJ 


JJ 




*0 




U 


X 


X 


(0 




(0 




(0 




<0 






G 


c 


c 


X 


u 


M 


0 ) 


ai 


0 ) 


0 ) 


Q 


01 


a 


0 ) 


a 


0 ) 


o 




M 


M 


w 


O 


o 


o 


X 


X 


X 


X 


cn 


X 


cn 


X 


cn 


X 


cn 



B - 120 



o 

ERIC 



7 



■P 



o 

o 




eg 

H 



Ul 

S2 

(S 






05 

2 

W 

Z 

s 

M 

(JU 

M 

Z 

o 



fJu, 

o 

CO 

c3 

w 

rJ 



w 

> 

M 

o 

05 

o 

Oh 

CO 

s 

s 



Oh 

O 

CO 

w 

o 

2 



o vol <r 


mt 


eg mt 


sr 


1 ©1 


1 ^ 


mt 


o ol o 


© 


o © 


o 


c*- 


CM 


CO 


0 ol o 


o 


o © 


© 


rH 


eg 


o 


D O © 


o 


o o 


o 


l °l 


o 


o 



CO 

z 

o 

M 

H 

© 

« 

M 

e 

CO 



lO 

pH 

It 



4J 

o 

3 

4* 

O 

u 

cm 

<u 

S 



3 vo vO eg 


mt 


00 


1 O 


00 


3 O O rH 


o 


o 


pH 


CO 


H O © © 


o 


o 


© 


eg 


3 © © © 


o 


o 


o 


O 



*K 

vO 

mt 

co 

O 



gc , gc 

vO 
•HI 
O 
O 



gc , 
o 
ro 
o 
o 



ml 

o 

o 



gc , 
vD I 
r^I 
o 
o 



>1 vol 

3 | 

5 J ^ 

k , gc , 

M 



gc , 

MT 

eg 

O 

O 



gc , 

CM 

r^| 

o 

o 



gc 

CM 

r^. 

o 

o 



*o 

4) 




gc 


gc 


* . 


O vo 


00 


MT 


m rg 


rH 


CM 


CM o 


O 


O 


O O 


O 


ol 


* • 


• 


• 1 



gc 

CM 


gc 

v£> 


gc 

CM 


00 


CO 


r»H 


CM 


m 


o 


mt 


vO 


rg 


o 


o 


O 


o 



T* 

mt 


o 


vO 


m 


o 


1^ 


r- 


o 


CO 


o 


rH 


o 



00 


o 


eg 


mt 


00 


CO 


e-. 


O' 


CO 


O 


o 


o 


1 • 


• 


• 



, *R 

H mt 


** 

vO 


00 


a O' 


rg 


CO 


) mt 


vO 


»H 


1 ° 


o 


o 


*1 • 


• 





o 

o 



eg 


eg| 


1 °l cl 


ci 00 


rH 


rH 


1 pj 


h 


o 


O 


O ol 


d CM 


o 


O 


o a 


cJ o 


• 


•1 


i *i g g 




W 

<D 



CO 

CO 



« 

c 

o 



M 

o 

(0 

a> 

a 



4) 

H 

•H 

4J 

C 

0) 

o 

u 

<u 

04 



a *h 

1*2 

CO o 



pH 

CO 

> 

U 

<u 

4J 

c 



rH 


O 


O 


v£> 


m 


1^ 




<r 


00 


O' 


MT 


rH 


CM 


o 


co 


rg 


vO 


00 


rg 


1^ 


o 


MT 


CM 




















O' 

MT 


00 


CO 

CO 


CO 


o 


o 


rH 

1 


o 



eg 


MT 


rg 


o 


00 


CO 


O' 


CO 


eg 


MT 


rg 


m 


o 


CO 


CM 


O' 


00 


vO 


rg 


m 


o 


v£> 


<r 


O' 


O' 

MT 


MT 


r-. 

rg 


co 


o 


o 


o 

i 


o 



O' 


o 




co 


mt 


m 


CO 


v£> 


o 


o 


O' 


00 


rg 


00 


m 


CO 


o 


co 


pH 


CM 


o 


rH 


o 


CM 


o 

m 


vO 


CM 

eg 


O' 


o 


rH 


rH 


CM 



4J 

s 

u 

Vh 

0) 

04 



45 S 

a -h 
8 *3 
co o 
CO o 



mt 


rH 


O 




o 


00 


MT 


CM 


o 


CO 


00 


vO 


o 


00 


eg 


CM 


o 


00 


O ' 


oo 


o 


in 


rH 


m 


















o 


CM 


m 


vO 


o 


o 


rH 


o 


m 


rH 


CM 




1 




I 





CM 


eg 


O' 


MT 


m 


rv 


CM 


O' 


rH 


00 


m 


00 


o 


O' 


rg 


rH 


o 


r- 


CO 


CM 


CO 


m 


o 


CO 




• 


• 


• 


• 


• 


• 


• 


o 

m 


rH 


CO 


pH 


o 


o 


rg 

1 


HI 



o 

05 

w 

04 

o 

04 

Z 



4) 

> 



vi 

o 



M 04 

§ 

o 



O 


MT 


MT 


00 


MT 


MT 


00 


vO 


o 


00 


m 


o 


o 


o 


o 


o 


o 


00 


CO 


eg 


o 


o 


O 


o 


o 


o 


o 




CM 


o 


© 


o 


o 


o 


o 


o 


o 


o 


o 


o 


• 




• 


• 


• 


• 




• 


• 


• 



5 CM 


CM 


MT 


CM 


CM 


MT 


o 


i o 


O 


O 


o 


o 


o 


v£> 


? o 


O 


o 


o 


o 


o 


O 


^ o 


o 


o 


o 


o 


o 


O 



H 

CO 

2 

a> 

u 

c 



rH O' 
00 00 
O' h* 

O' pH 

mt 



CM 


CM 


O' 


O' 


pH 


CO 


O 


CO 


CM 


00 


CO 


00 


CM 


VO 


MT 


m 


O' 


m 














CO 


pH 


O 


o 


o 


o 



PQ 


4J 


03 


U 


4J 


*o 


u 


u 


03 


mi 


V) 


C 


U 


<v 


c 


u 


0) 


c 


U 


4) 


0) 

rH 


M 


O 


cm 


M 


o 


cm 


►M 


o 


cm 


U 


1 


1 


1 


1 


1 


1 


1 


1 


1 


CO 


• 


• 


• 


• 


• 


• 


• 


• 


• 


< 


U 


u 


4J 


•o 


03 


03 


M 


u 


mi 




c 


c 


c 


u 


U 


U 




0) 


4) 




M 


i-g 


M 


o 


o 


O 


04 


cm 


cm 



W 

§ 

2 

Mg 

0 

vi 

§ 



§ 



<0 


(A 




41 


CO 


c 


© 




M 


3 


(4 


CO 


(A 


CO 


4) 


4> 




© 




r* 


£ 


Mg 


CO 


Mg 


CO 




O 




O 




Mm 




Ug 




mg 


0 


c 


O 


C 


O 




CO 




<4 




O 


4) 


© 


41 


© 


CO 


r 


CO 


X 


CO 



(0 

o 

4J 

3 

U 

Mg 

O 

S 

X 



B - 121 



o ■■ c- 



SD of Kurtosis 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 



* 



o 

o 



« 

\0 


•K 

xO 


%> 


•K 

xo 


•K 

CM 


<r 


*3- 


<r 


rH 


m 


m 


rH 


vO 


o 


o 


CM 




vO 


m 


*3- 


xO 


o 


o 


o 


o 


o 


o 


o 


O 


o 


o 


o 



o 

m 

o 

o 



* 

xO 

in 

xO 

o 



* 

\Q 


•K 


* 


He 

xO 


He 

1 ^1 


I '©1 


1 ^ 


00 


m 


CM 




*3- 


CM 


rH 1 


rH 


ox 


ps 


ox 




rH 


ox 


© 


O 


o 


o 


O 




ol 


O 


o 


o 


o 



25 

O 

w 

H 

§ 

M 

fi 

tn 



2 



PI 

4J 

o. 

OJ 



TJ 

0) 

§ 

w 

OJ 

> 



o 


He , 
ol 


* . 
<r\ 


He . 
00 


He 

CN 


o 




CMl 


rHI 




rH 


00 


O' 


rHI 


00 


o 


o 


o 


rHI 


© 



| Ol CM| CMl xO 


xO 


ci cn H CN 


xo 


ol f-J d o 


rH 


<3 r-J S O 


o 




• 



c 

<1) 

o 

M 

0) 

Cl, 




00 


O 


<r| 


*3* 


CM 


Ox 


o| 


00 


ml 


<r I 


H I 


o 


rHI 


rH I 


ol 


o 



0) 

O 

C 

* <0 o 
o o 
•h in 

4k O 
*H • 

c 

GO 



*K # 
i>»| 

rH 



"col 

cm| 



•K 

xO 

00 



00 1 00 



* . 
© 



00 



He 


He 


He 


He 


He 


XO 


CM 


00 


00 


CM 


vr 


o 


xo 


OX 


CM 


oo 


OX 


CM 


rH 




rH 


rH 


o 


o 


o 


1 




* 


• 


• 



ne 

0 xo 


H , *R . ■* . 

O CM O 


! *o 


oo 


<r 


CM 


O 


0 CM 


Ol O CM 


ox 


00 


Ox 


O 


m 


oo 


M 00 oo 


xO 


r>» 


CM 


CM 


xO 


0 rH 


rH| rH| rH j 


! rH 


rH 


O 


O 


o 



ne 

o <r 


He 4 ne . 
xO Crf 


1 ~l 


He 

<r 


He 

xO 


CM 


m 


<r 


o <r 


sr 


O' 


CM 


CM 


CM 


m 


CO 


«n 


CM 


<T 


rH 


O rH 


rH rH 


i H 


rH 


rH 


O 





He 


HC , 


ne , 


♦ . 


* . 


ne , 




00 


00 


O 


<r 


cm! 


H 


oo 


xO 


o 


XO 


o 


m 


in 


CM 


00 


m 


<r 


rH 


xO 


rH 


Ox 


Ox] 


d 


O' 


00 


o 


o 


O 


rH 


o 


o 


ol 


1 1 


1 ^1 


ol 


»h| 


o 


O 


o 





He . 


MS . 


* i 


He 


o 


xo 


xOl 


CM 


00 


m 


CM 


O 


in 




o 


rH 


rH 


oo\ 


xo 


o 


O 


O 


a 


o 




o 

o 



•K , 

NO 



<■ 

o 




I 1* 1 ** , 

<r xo 


■R 

xO 


O 


o 




O] oq 


CM 


O 


o 


CM 


< t \ ml 


xO 


O 


o 


o 


cJ o 


ol 


O 


o 


o 


1 * •) 


•1 


• 


• 


• 



(0 

<1) 



CO 

to 

4-4 

0 

(0 

c 

o 



ci 

(0 

<0 

Q 



m 


*4- 




m 




*4- 


o 


m 


m 


xO 


r-. 


m 


rH 


m 


*3- 


Ox 


xO 


m 






o 


xO 


1^ 


m 


Ox 


m 


Ox 




o 


o 


rH 


rH 




rH 


CM 








1 





rH 
0) <Q 


CM 


xo 


oo 


00 


rH 


CM 


Ox 


CM 


rH C 


xO 


1^ 


(N 


rH 


o 


xO 


m 


00 


(X *H 




o 


o 


r-. 


o 


xO 


o 


m 


a -o 

ed u 


ox 


00 


m 


m 


o 


O 


rH 


o 


t n o 






rH 




* 




1 





*d 

> 

M 

<U 





r-. 




m 


o 


o 


rH 


rH 


m 


rv 




rH 


rH 




''J 


rH 


o 


xO 


m 




o 




OX 


xO 


o 

m 


O 

rH 


00 

rH 


rH 

rH 


o 


o 


O 

1 


O 



C 

<D 

O 

M 

<0 

0k 



0) 10 
H I C 
(X *H 

s*s 

to o 



00 


o 


I"** 


m 


rH 


00 


rv 


rH 


m 


rH 


CM 




o 


00 


xo 


CM 


CM 


m 


xo 




o 


m 


o 


*3* 


















o 




I"** 


m 


o 


o 


rH 


O 


m 




CM 




1 




1 





o 

m 



O' 


in 


00 


o 


Ox 


CM 


m 


r» 


ox 


rH 


00 


O 


o 




r-. 


xO 


<r 


^3- 




• 


• 


• 


• 


• 


4 


m 


o 


o 


o 


O 



o 


<0 


m 


r- 


<r 


Ox 


m 


00 


xO 


rH 


> 


Ox 


m 


Ox 


o 




o 


O 


o 


u 


ox 


o 


xO 


rH 


O' 


xO 


m 




« 






• 


• 


• 


• 


• 




u 

c 

M 


OX 


rH 


m 


rH 


o 


o 


o 



r>. 

m 



r-. 

on 























(0 












to 


to 






















a 








(0 




o 


•H 






















ed 








3 




U 


(0 






# 


• 




• 


• 




• 


• 


0) 


(0 


(0 




0) 


5? 


u 


o 


oa 


4J 


*o 


u 


4J 


'O 


Ik 


U 


no 


Ik 


X 


c 


Q 








3 


4k 


(0 


c 


u 


<u 


6 


u 


<1) 


c 


u 


0) 




ed 


CO 


(0 


LO 


<1) 


u 


M 




w 


o 




M 


o 


Pk 


M 


o 


CL, 


Mk 


d) 




Q 








o 


rH 




















0 


23 


4H 


to 


4k 


cn 


4k 




ed 


1 


1 


* 


| 


1 


1 


| 


i 


| 






o 




o 




o 




(J 




















(0 


4k 




4k 




4k 




4k 


to 
















• 


• 


C3 


o 


c 


0 


c 


0 


S 


o 


< 


4J 


4J 


ii 




HO 




M 


M 


u 


ed 




ed 




(d 




ed 






c 


c 


c 


u 


M 


Ik 


0) 


0) 


0) 


ii 


Q 


0) 


Q 


0) 


a 


0) 


Q 




M 


M 


w 


o 


o 


O 


CL, 


Pk 


Pk 


X 


to 


23 


to 


23 


to 


23 


cn 



B - 122 



O 

ERIC 



. O 



OBTAINED PERCENTAGES OF t VALUES FOR GIVEN LEVELS OF SIGNIFICANCE FOR 
Negative Skewed (N » 5 ) and Leptokurtic (N » 5 ) DISTRIBUTIONS 
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Mean of Kurtosis -0.913 -1.016 -1;107 -0.932 -0.967 -1.126 

SD of Kurtosis 0.601 0.890 0.528 0.601 1.464 0.525 




SD of Kurtosis 0.616 1.286 0.529 0.577 0.651 0.530 



